es | eChN iCal Briefs 


Rapid Detection of the Severe Acute Respiratory Syn- 
drome (SARS) Coronavirus by a Loop-Mediated Iso- 
thermal Amplification Assay, Leo L.M. Poon, Cynthia 
S.W. Leung,! Masato Tashiro,? Kwok Hung Chan,* Bonnie 
W.Y. Wong,’ Kwok Yung Yuen,’ Yi Guan,’ and Joseph S.M. 
Peiris' (' Department of Microbiology, Queen Mary Hos- 
pital, University of Hong Kong, Hong Kong SAR; * De- 
partment of Viral Diseases and Vaccine Control, National 
Institute of Infectious Diseases, Musashi-Murayama, 
Tokyo, Japan; * Department of Microbiology, Queen Mary 
Hospital, Hong Kong SAR; * address correspondence to 
this author at: Department of Microbiology, University of 
Hong Kong, Queen Mary Hospital, Pokfulam, Hong Kong 
SAR; fax 852-2855-1241, e-mail Ilmpoon@hkucc.hku.hk) 


Severe acute respiratory syndrome (SARS) is a newly 
emerging disease that first emerged in Guangdong Prov- 
ince, China in November 2002 (1). The SARS coronavirus 
(SARS-CoV) was found to be the etiology of the disease 
(2-4). Subsequent surveillance studies have indicated 
that this virus is of animal origin and have suggested that 
the source of the disease is still circulating in this geo- 
graphic region (5). Indeed, the potential risk of reemer- 
gence of SARS is further highlighted by a recent con- 
firmed SARS case in January 2004 (6). Therefore, the 
establishment of a rapid SARS diagnostic method is a 
high priority for control of the disease. 

Currently, there are two major diagnostic approaches 
for SARS. Detection of antibodies against SARS-CoV is a 
sensitive and specific diagnostic approach, but serconver- 
sion can be detected only around day 10 of illness (7). In 
contrast, PCR-based tests have been shown to be useful 
for early SARS diagnosis (8). Quantitative PCR ap- 
proaches are a powerful tool for identifying SARS-CoV 
early after disease onset (4, 9-11). However, because of 
the requirements for sophisticated instrumentation and 
expensive reagents, these rapid molecular tests might not 
be the method of choice in basic clinical settings in 
developing countries or in field situations. It is therefore 
critical to develop simple and economical molecular tests 
for the above scenarios. 

The invention of loop-mediated isothermal amplifica- 
tion (LAMP) has opened up a new horizon for molecular 
diagnosis (12). This method depends on autocycling 
strand displacement DNA synthesis performed by a Bst 
DNA polymerase, and a detailed amplification mecha- 
nism has been described elsewhere (12). The reaction 
relies on recognition of the DNA target by six indepen- 
dent sequences, making this kind of assay highly specific. 
This method is rapid and has a DNA amplification 
efficiency equivalent to that of PCR-based methods (12- 
14). More importantly, this approach is inexpensive, and 
all reactions can be performed in an isothermal environ- 
ment. The potential clinical applications of this method 
have been demonstrated recently (13). Here we demon- 
strate the feasibility of using this technology for detection 
of SARS-CoV. 

Thirty-one retrospective SARS samples collected be- 
tween March 26, 2003, and April 9, 2003, were used in this 
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study. All SARS patients in this study were confirmed to 
be seropositive for SARS-CoV by immunofluorescence 
assays (2). The age range for these patients was 16-74 
years (median, 45 years), and the M:F ratio was 16:15. The 
study was approved by our local clinical research ethics 
committee. Nasopharyngeal aspirate (NPA) samples were 
collected on days 1-15 after disease onset as described 
previously (15). NPA samples from patients with other 
respiratory diseases (adenovirus, n = 8; respiratory syn- 
cytial virus, n = 10; human metapneumovirus, n = 10; 
influenza A virus, n = 20; influenza B virus, n = 4; 
rhinovirus, n = 6) and from healthy individuals (n = 30) 
were used as negative controls. 

RNA from clinical samples was extracted, and cDNA 
was synthesized as described previously (9,15). In this 
study, the ORF1b region of SARS-CoV (nucleotides 
17741-17984; accession no. AY274119; see Fig. 1S in the 
Data Supplement that accompanies the online version of 
this Technical Brief at http://www.clinchem.org/content/ 
vol50/issue6/) was chosen for SARS diagnosis. DNA 
plasmids containing the target sequences were used as 
positive controls. To accelerate the amplification reaction, 
cDNA for the SARS-CoV ORF1b sequence was amplified 
by a modified LAMP reaction (14) in the presence of 
six primers: F3 (5'-CTTAGGATTGCCTACG-3’); B3c (5'- 
AGTCCAGTTACATTTTCT-3’); FIP (5'-AGTGTGCTGTT- 
TCAGTAGTGATTCATCACAGGGTT-3’); BIP (5’-TGTA- 
ATGTCAACCGCTTTGCGACGTGGTATTTC-3’); Loop B 
(5'-TCTTTATGACAAACTGCAAT-3’); and Loop Fe (5’- 
TTTGTGTGAATATGACATAGTCATA-3’; see Fig. 1S in 
the online Data Supplement). In a typical LAMP reaction, 
0.5-1 wL of heat-denatured cDNA was amplified in a 
12.5-uL reaction containing 0.4 mM each of the de- 
oxynucleotide triphosphates, 1.6 4M each of FIP and BIP, 
0.2 uM each of F3 and B3c, 0.8 4M each of Loop F and 
Loop Fc, 4 U of Bst DNA polymerase (New England 
Biolabs), and 1x Bst polymerase buffer (New England 
Biolabs). Reaction mixtures were incubated at 60°C for 
1h, followed by heat inactivation at 80°C for 5 min. 
Amplified products were analyzed by gel electrophoresis. 

In preliminary experiments, reactions were performed 
with different copy numbers of the positive control to 
determine the detection limit of the assay. Because the 
reaction products consist of stem-loop DNA structures 
with multiple inverted repeats of the target and cauliflow- 
er-like structures with multiple loop-stem-loops (12, 14), 
the reaction would produce bands of different sizes in gel 
electrophoresis analyses. As shown in Fig. 1, a character- 
istic DNA ladder was observed in positive controls (lanes 
1 and 26). The detection limit of the assay was 10 
copies/reaction (see Fig. 2SA in the online Data Supple- 
ment), and positive signals were consistently observed in 
reactions containing =50 copies of the target sequence 
(data not shown). 

Among 31 SARS samples, the SARS-CoV sequence 
could be detected in 20 cases (64%; Fig. 1, lanes 3-14). The 
detection rate for SARS-CoV in these samples increased as 
the disease progressed (Table 1). In the early stages after 
disease onset, 4 of 13 (31%) were positive in the assay. For 
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Positive signals were observed in the positive control (+ ve; lanes 1 and 26) and SARS samples (/anes 3-14), but not in the water control (lanes 15 and 27) and 
non-SARS samples (lanes 17-22). Lanes 23 and 24, positive LAMP products digested with Xbal and Bgill, respectively. Lanes 2, 16, and 25, DNA markers as indicated. 
HMPV, human metapneumovirus; Adeno, adenovirus; RSV, respiratory syncytial virus; Flu A, influenza A virus; Flu B, influenza B; Rhino, rhinovirus. 


samples isolated from day 8 to day 15 after disease onset, 
positive signals were observed in all of the cases (n = 12). 
These results agreed with our previous findings that the 
viral load in SARS patients peaks at the second week of 
the disease (7). Because the targeted sequence contains 
Bglll and Xbal restriction sites (see Fig. 1S in the online 
Data Supplement), we also validated the identities of 
these positive signals by restriction enzyme digestion. All 
amplified products could be digested by these restriction 
enzymes as expected (Fig. 2SB in the online Data Supple- 
ment and Fig 1). By contrast, no positive signal was 
observed in healthy individuals (n = 30; data not shown), 
non-SARS patients (n = 58; Fig. 1, lanes 17-22), and water 
controls (Fig. 1, lanes 15 and 27). 

In this study, we demonstrated the potential use of 
LAMP for early SARS diagnosis. Recently we also re- 
ported the use of a quantitative PCR method for SARS 
diagnosis (9, 16,17). Compared with quantitative PCR 
assays, the LAMP assay described in this study has two 
main shortcomings: (a) the LAMP assay does not allow 


Table 1. Detection of SARS CoV by LAMP assay. 


Number positive, n (%) 


Day after onset Sample size, n LAMP assay PCR? 
1-3 13 4 (31%) 5 (38%) 
4-7 6 4 (67%) ND? 
8-15 12 12 (100%) 12 (100%) 


? Reverse transcription-PCR protocol adapted from Peiris et al. (2). 
© ND, not done. 


quantification of SARS-CoV RNA; and (b) the LAMP 
assay is less sensitive than real-time PCR assays (9). 
However, one should note that the detection rates for 
SARS in the LAMP assay (Table 1) are similar to those 
with our conventional PCR-based assays (18). To confirm 
this observation, we further tested some of these clinical 
samples with a conventional PCR assay (2). As shown in 
Table 1, the detection rate of the LAMP assay was similar 
to that of the reverse transcription-PCR assay. These 
results agree with previous findings that the sensitivities 
of LAMP assays are equivalent to those for conventional 
PCR-based methods (12-14). 

Our LAMP reaction relies on recognition of viral se- 
quences by six primers, potentially making this kind of 
assay more specific than conventional PCR assays. In- 
deed, none of the negative control samples (n = 88) was 
positive in our assay. Recently, Parida et al. (19) reported 
a real-time closed-tube detection method for West Nile 
virus in which the amounts of magnesium pyrophosphate 
precipitates generated in LAMP reactions are measured. 
This real-time approach for LAMP might further reduce 
the risk of cross-contamination problems. 

The primary goal of this study was to develop a simple 
and inexpensive test for SARS diagnosis. Unlike the 
quantitative PCR-based detection approach, the LAMP 
assay does not require sophisticated instrumentation. 
Because reactions are performed in an isothermal envi- 
ronment (e.g., a water bath), there is no time loss from 
thermal changes during DNA amplification. The LAMP 
assay is rapid and does not require expensive reagents or 
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instruments. In a SARS outbreak, a diagnostic laboratory 
might routinely receive hundreds of clinical samples each 
day for SARS diagnosis. The application of this LAMP test 
might help to reduce the running cost for SARS diagnosis. 
From a practical point of view, highly sensitive quantita- 
tive reverse transcription-PCR assays should be used to 
test samples collected from patients within the first week 
of illness. For samples collected from patients after the 
first week of disease onset, the LAMP assay might be an 
inexpensive and accurate alternative for SARS diagnosis. 

In conclusion, we report a simple LAMP assay for SARS 
diagnosis. We believe the inexpensive running costs of the 
assay make this technology very applicable to laboratories 
for SARS diagnosis in developing countries. The tech- 
nique might have great potential to be used in field 
situations or at the bedside as a preliminary screening 
test. Regardless of the method used, testing in a suitably 
accredited laboratory is important, especially during an 
outbreak, when quality-assured diagnoses are essential. 
We expect that, with this rapid diagnostic method, 
prompt identification of this pathogen will facilitate con- 
trol of the disease and provision of prompt treatment of 
patients. 


This work was funded in part by the US National Institute 
of Allergy and Infectious Diseases (Public Health Re- 
search Grant A195357), the Research Grant Council of 
Hong Kong (HKU 7543/03M), The University of Hong 
Kong (HKU SARS Research Fund), and Funds for Pro- 
moting Science and Technology from the Ministry of 
Education, Culture, Sports, Science and Technology, Ja- 
pan. 
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Microalbuminuria (MAU), defined as a urinary albumin 
excretion of 30-300 mg/day, indicates a high probability 
of renal damage and is an accepted predictor for the early 
diagnosis of nephropathy in diabetic patients (1,2). In 
addition, MAU has diagnostic implications in pregnancy 
as a predictive marker of preeclampsia (3,4) and may 
play a role in identifying high risk of developing compli- 
cations from cardiovascular diseases even in nondiabetic 
patients (5-7). 

Dye-binding assays can measure serum albumin but 
are too insensitive for MAU testing, making immuno- 
chemical assays the most widely used MAU methods (8). 
These immunoassays include immunoturbidimetry, im- 
munofluorescence, ELISA, RIA, and zone immunoelectro- 
phoresis. Recently, Kessler and coworkers (9, 10) intro- 
duced a laser-induced fluorescence system coupled to an 
automated centrifugal analyzer as a nonimmunologic 
assay for urinary albumin. Their system was based on the 
probe Albumin Blue 670/580, which becomes highly 
fluorescent on binding to albumin. 

We report a fluorescence immunochromatography as- 
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Fig. 1. Calibration curve for the ICA (A), scanning intensity profile for the competitive fluorescence ICA system (B), and Bland-Altman difference 


plot for urinary albumin results obtained with the ICA and a RIA (C). 


(A), the area ratio (A;/Ac) converted from RFU was plotted against the albumin concentration. The correlation between the area ratio and the albumin concentration 
is shown (7 = 0.994). The value for each point on the albumin calibration curve represents the mean value of eight independent experiments. (B), the first and second 
peaks indicated the RFUs for the control and the test line, respectively, depending on the albumin concentrations in the samples. (C), Bland-Altman difference plot 
comparing urinary albumin concentrations obtained with the fluorescence (FL) ICA system vs the RIA (Cobra 5010 Il). The solid line represents the mean difference in 
measured urinary albumin concentration between the methods, and the dashed lines are +1.96 SD. UA, urinary albumin. 


say (ICA) for quantitative determination of albumin in 
urine. The assay system consists of an ICA test strip in a 
disposable cartridge, a fluorescently labeled detector, and 
a laser fluorescence reader. Basically, the assay system 
adopts the inherent simplicity of a lateral-flow ICA and 
uses a competitive immunoassay mode with a simple, 
one-step operation (11). Briefly, fluorescently labeled al- 
bumin in the detector buffer competes with albumin in 
the sample for binding to an anti-albumin antibody im- 
mobilized on the test strip matrix. The more albumin is in 
the sample, the less the fluorescently labeled albumin 
reacts with the anti-albumin antibody and, thus, the lower 


the accumulation of fluorescence in the test line of a test 
strip. 

We generated a monoclonal antibody against human 
albumin (Sigma A8763) as an immunogen and conducted 
immunizations, cell fusion, and screening of hybridoma 
cells according to a standard method (12). Monoclonal 
antibody 22C5 was selected among the positive clones 
and used as the capture antibody (3 g/L) on the test line 
of a test strip for this study (13). A control line was coated 
with anti-rabbit IgG (1 g/L; Sigma R4880) on nitrocellu- 
lose membrane by a BioJet dispenser (BioDot). We labeled 
the albumin competitor and rabbit IgG control with 
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activated Alexa Fluor 647 (Molecular Probes) in sodium 
bicarbonate buffer (pH 8.3) and made detector buffer by 
mixing two fluorescent conjugates in 0.1 mmol/L phos- 
phate buffer (pH 6.0). The system components and the 
principle for the one-dimensional fluorescence reader for 
scanning of fluorescence intensity have been described in 
detail elsewhere (14). 

We tested the fluorescence ICA system at albumin 
concentrations of 0-600 mg/L. We mixed 10 pL of 
detector (2 wg of fluorescent competitor and 80 ng of 
fluorescent rabbit IgG control), 10 wL of 1 mol/L potas- 
sium phosphate buffer (pH 6.0), and 80 wL of urine 
sample in the test aliquot and loaded the mixture in the 
cartridge well. After the sample was allowed to react for 
10 min, the cartridge was inserted in the laser fluorescence 
reader for scanning of fluorescence intensity. 

Intensity profiles, in relative fluorescence units (RFUs), 
for the different albumin concentrations in the samples 
are shown in Fig. 1B. The first and second peaks represent 
the RFUs for the control line and the test line, respectively. 
Whereas the RFUs on the control lines were constant, the 
signals on the test lines changed dramatically depending 
on the albumin concentrations in the samples. 

A commercially available multicalibrator set (Kamiya 
Biomedical) and a pure human albumin were used to 
construct a calibration curve. The albumin stock solution 
(1000 mg/L) was diluted with calibrator diluent to final 
concentrations of 5, 10, 20, 50, 100, 200, 300, 500, and 600 
mg/L. The calibrator diluent contained, per liter, 2.7 g of 
KH,PO,, 0.9 g of K,HPO,, 4.5 g of NaCl, and 0.5 g of 
EDTA (pH 6.0) and was used as control material for all 
assays (9). The RFUs recorded on the test and control lines 
at a given albumin concentration were converted into an 
area value (test, Az, control, Ac) by a fitting algorithm. 
The calibration curve was obtained from the area ratios 
(A,/Ac) and the albumin concentrations in the samples 
(r? = 0.994; Fig. 1A). 

We next compared the fluorescence ICA system with a 
RIA (EURO Diagnostic Products Co.). The RIA was per- 
formed on a Cobra 5010 II analyzer (Quantum). Urine 
samples were collected from 81 patients who visited 
Hallym University Medical Center (Chuncheon, Korea). 
The results were compared by use of Medcalc, Ver. 6.12, 
software (Medcalc Inc.). A Bland-Altman difference plot 
analysis showed a mean (SD) difference of —1.2 (46.5) 
mg/L and little disagreement between the two assays at 
the mean urinary albumin concentration (Fig. 1C). How- 
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ever, the agreement between the two assays was lower 
in samples with concentrations >300 mg/L. The Passing— 
Bablok regression analysis yielded a slope of 1.06 (95% 
confidence interval, 0.988-1.153) and a y-intercept of 
—9.63 mg/L (95% confidence interval, —16.7 to —6.4 
mg/L), indicating statistically good agreement between 
the two methods (P <0.05). 

We conducted precision studies to evaluate the analyt- 
ical performance of the fluorescence ICA system with 
urine reference materials. We prepared four diluted con- 
trol samples covering the albumin concentration range 
usually encountered in clinical practice (Table 1). The 
intra- and interassay CV for the new immunoassay sys- 
tem were, respectively, 7.2% and 7.7% at 15 mg/L, 4.5% 
and 7.1% at 92.3 mg/L, 5.2% and 3.6% at 180 mg/L, and 
5.4% and 3.2% at 342 mg/L. The analytical precision was 
also calculated with 10 replicates in one analytical run 
from the same controls. The measured albumin values of 
15, 92.3, 180, 342 mg/L were 100.1%, 108.5%, 112.8%, and 
97.6%, respectively, of the expected values, with a mean 
measured value that was 105% of the expected. To con- 
firm the reliability of the immunoassay, we also analyzed 
the parallelism in a series of twofold serial dilutions of the 
600 mg/L albumin calibrator. The results obtained were 
compared with the expected results by linear regression 
and showed a slope (SD) of 1.026 (0.03) with correlation 
coefficient of 0.997 (see Fig. 1 in the Data Supplement that 
accompanies the online version of this Technical Brief at 
http://www.clinchem.org/content/vol50/issue6/). 

We tested assay interference by adding to urine pools 
(20 mg/L albumin) urea (1 mol/L), creatinine (10 g/L), 
and human hemoglobin (10 mg/L). The concentrations 
added to the urine pools were well above the maximum 
concentrations encountered in clinical samples. The over- 
all mean albumin concentration of 50 samples tested was 
21.4 mg/L (CV = 7.2%). Because the albumin concentra- 
tions were all within 2 SD of the reference value, we 
considered that none of tested materials affected the 
assay. The limit of detection (3 SD above the value for the 
zero calibrator; n = 10) and limit of quantification (lowest 
concentration measured with a CV <10%) of the fluores- 
cence ICA system were 1.6 and 4.65 mg/L, respectively. 
The developed assay system was sensitive to the pH of 
urine specimens and operated best at pH 6.0. Because the 
PH range of the collected urine specimens fell within the 
range typical of urine (pH 4.5-8.0), 1 mol/L potassium 


Table 1. Imprecision and measured concentrations obtained in the fluorescence ICA system. 


Intraassay Interassay 
(n = 20) (n = 10)? Measured concentration 
Urine albumin as percentage of 
concentration, mg/L Mean, mg/L SD, mg/L CV, % Mean, mg/L SD, mg/L CV, % the expected (n = 10) 
15 15.23 1.09 te 13.50 1.04 7.7 100.1% 
92.3 89.75 4.05 4.5 94.21 6.66 Ted, 108.5% 
180 175.68 9.20 5:2 180.42 6.50 3.6 112.8% 
342 327.46 17.75 5.4 324.16 10.33 3:2 97.6% 


? Interassay studied was conducted on 10 sequential days, with 10 runs/day and with 10 replicate cartridges at each albumin concentration. 
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phosphate buffer (pH 6.0) was integrated into the assay 
component. 

Fully automated immunoassay formats are available 
for quantification of urinary albumin in large numbers of 
samples. However, most of these methods are impractical 
or expensive. The criteria for point-of-care testing include 
affordable cost, a disposable device, and minimum main- 
tenance /technical expertise required to perform tests (15). 
The sample should be applied directly to the device, 
which should require only a small sample volume, and 
the assays should have a rapid turnaround time with 
good accuracy. There are some point-of-care devices for 
determination of MAU in urine, such as the ImmunoDip 
(Diagnostic Chemicals Limited) and Micral Urine Test 
Strip (Roche Diagnostics). Despite their many advantages, 
one drawback of these commercial test devices is that they 
give only negative, threshold, or positive results without 
displaying quantitative values for urinary albumin. Given 
the different principles of the assays compared, the results 
obtained with the fluorescence ICA agree well with the 
results obtained with the independent RIA. Considering 
the detection limit, imprecision, linearity, and working 
range, the fluorescent ICA is comparable to other, well- 
known immunoassays and appears to be suitable for 
determination of urinary albumin. 


This study was supported by the Nano-Core Technology 
Development Program (M1-0213-05-0003) and the Na- 
tional Research Laboratory Program (M1-0104-00-0164) of 
the Korean Ministry of Science and Technology. 
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Evaluation of Human Chorionic Gonadotropin B-Sub- 
unit mRNA Concentrations in Maternal Serum in An- 
euploid Pregnancies: A Feasibility Study, Enders K.O. 
Ng,’ Ahmad El-Sheikhah Rossa W.K. Chiu,’ K.C. Allen 
Chan,’ Matthew Hogg,* Renu Bindra,? Tse N. Leung, Tze K. 
Lau,’ Kypros H. Nicolaides,? and Y.M. Dennis Lo’ (Depart- 
ments of ' Chemical Pathology and * Obstetrics & Gynae- 
cology, The Chinese University of Hong Kong, Prince of 
Wales Hospital, Hong Kong SAR; * Harris Birthright 
Research Centre for Fetal Medicine, King’s College Hos- 
pital, London, United Kingdom; * address correspon- 
dence to this author at: Department of Chemical Pathol- 
ogy, The Chinese University of Hong Kong, Room 38023, 
1/F Clinical Sciences Bldg., Prince of Wales Hospital, 
30-32 Ngan Shing St., Shatin, New Territories, Hong Kong 
Special Administrative Region, China; e-mail loym@ 
cuhk.edu.hk) 


The recent demonstration of detectable circulating fetal 
RNA in maternal plasma (1, 2) has led to the development 
of new, noninvasive prenatal diagnostic opportunities 
(3,4). Unlike fetal DNA measurements in maternal plas- 
ma/serum, quantitative analysis of circulating fetal RNA 
has the advantage of being applicable to all pregnant 
women irrespective of fetal gender and genetic polymor- 
phism status. In addition, the unexpected stability of 
circulating RNA has enhanced the practicality of this 
approach (2, 5,6). Previously, we developed a real-time 
quantitative reverse transcription-PCR (RT-PCR) assay 
for measuring the concentration of human chorionic go- 
nadotropin B-subunit (BiCG) mRNA in plasma samples 
from healthy pregnant women (2). We conducted a 
case-control study to investigate whether abnormal con- 
centrations of BhCG mRNA might be detectable in the 
serum of mothers carrying fetuses with trisomy 21 and 
trisomy 18. 

We sought informed consent from pregnant women 
who presented for aneuploidy screening at the King’s 
College Hospital London in the United Kingdom between 
January and August 2003. Ethics approval was obtained 
from the Institutional Review Board. Among women who 
underwent chorionic villous sampling for fetal karyotyp- 
ing as a result of clinical indications, 149 women con- 
sented to blood sampling for BhCG mRNA measure- 
ments. Maternal blood samples were collected into plain 
tubes immediately before chorionic villous sampling. The 
blood samples were centrifuged at 1600g¢ for 10 min at 
4°C. The serum was carefully transferred into plain 
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polypropylene tubes, and 3.2 mL was immediately stored 
in 4 mL of Trizol and kept at —80 °C until RNA extraction. 
Serum RNA was extracted from 1.6 mL of serum with use 
of a modified RNeasy RNA Mini Kit (Qiagen) as de- 
scribed previously (2). Total RNA was eluted with 30 pL 
of RNase-free water and stored at —80 °C until real-time 
quantitative RT-PCR analysis. DNase treatment was car- 
ried out to remove any contaminating DNA (RNase-Free 
DNase Set; Qiagen). 

One-step real-time quantitative RT-PCR was used for 
BhCG mRNA quantification, as described previously, 
without knowledge of the karyotyping results (2). The 
RT-PCR reactions were set up in a reaction volume of 25 
wL. The primers and fluorescent probe were used at 
concentrations of 300 and 100 nM, respectively, and 6 wL 
of extracted serum RNA was used for amplification. The 
thermal profile used for the analysis was as follows: the 
reaction was initiated at 50 °C for 2 min for the included 
uracil N-glycosylase to act, followed by reverse transcrip- 
tion at 60°C for 30 min. After a 5-min denaturation at 
95 °C, 40 cycles of PCR was carried out with denaturation 
at 94°C for 20 s and annealing/extension at 57 °C for 1 
min. The sensitivity, linearity, and precision of the assay 
have been established as described previously (2). We 
were able to detect down to 100 copies of the synthetic 
oligonucleotide in the reaction mixture. Concentrations of 
serum BCG mRNA are expressed as copies/mL of se- 
rum. Because no recovery experiments had been done, the 
reported concentrations (copies/mL) are minimum esti- 
mates. 

Among the 149 pregnant women recruited, trisomy 21 
and trisomy 18 were confirmed by fetal karyotyping in 15 
and 11 pregnancies, respectively. The remaining 123 cases 
had euploid fetuses and served as controls. The median 
gestational age of the controls was 12.5 (range, 11.2-14.3) 
weeks, and the median gestational ages of the trisomy 21 
and trisomy 18 cases were 12.5 (12.1-14.2) weeks and 12.3 
(11.4-14.1) weeks, respectively. No significant difference 
of the gestational age was observed among the three 
cohorts (Kruskal-Wallis, P = 0.706). 

Maternal serum samples from the 149 studied cases 
were subjected to BlACG mRNA quantification. BhCG 
mRNA could be detected in the maternal serum of 140 of 
149 pregnancies (94%). In the control cohort, the detection 
rate of BACG mRNA was 97% (119 of 123). For the trisomy 
21 and trisomy 18 cohorts, the detection rates were 93% 
(14 of 15) and 64% (7 of 11), respectively. The median 
serum BCG mRNA concentrations of the three cohorts 
were 6108 (interquartile range, 2867-19 249) copies/mL 
for the control cohort, 13 165 (4403-25 265) copies/mL for 
the trisomy 21 cohort, and 652 (0-11 662) copies/mL for 
the trisomy 18 cohort (Fig. 1). The median BhCG mRNA 
concentrations differed significantly among the three co- 
horts (Kruskal-Wallis, P = 0.024). Pairwise multiple com- 
parisons were performed and showed that differences 
were significant between the trisomy 18 and control cases 
(Dunn test, P <0.05) and between the trisomy 18 and 
trisomy 21 cases (Dunn test, P <0.05). No statistically 
significant difference was observed between the serum 
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BhCG mRNA concentrations in trisomy 21 and control 
cases (Dunn test, P >0.05). 

In this study we confirmed that circulating BhCG 
mRNA is easily and robustly detectable in the serum of 
first-trimester pregnant women, with a detection rate of 
94%. These data are largely concordant with our previous 
data on first-trimester pregnancies (median gestational 
age, 12.3 weeks) (2). Our present data also demonstrated 
that the median concentration of serum BhCG mRNA in 
pregnancies with trisomy 18 was 9.4-fold lower than the 
median concentration in the control pregnancies and that 
the difference was statistically significant. On the other 
hand, although the median concentration of serum BhCG 
mRNA in pregnancies with trisomy 21 was 2.2-fold higher 
than the median concentration in the control pregnancies, 
the difference was not significantly different. Interest- 
ingly, similar relationships were demonstrated in several 
previous studies on placental tissue expression of BhCG 
mRNA. Although some inconsistent data exist in the 
literature (7, 8), BhCG mRNA concentrations in placental 
tissues have been shown to be significantly lower in 
trisomy 18 than in control pregnancies (9), whereas no 
difference has been reported for trisomy 21 pregnancies 
(10). Thus, the BhCG mRNA concentration in maternal 
serum could potentially be a reflection of the placental 
tissue expression pattern as demonstrated in a study by 
Tsui et al. (11). 

The data presented here demonstrate for the first time 
that circulating B4CG mRNA concentrations in the first- 
trimester serum of trisomy 18 pregnancies is significantly 
lower than in non-trisomy 18 pregnancies. The mecha- 
nisms accounting for this difference require further inves- 
tigation. Our findings indicate the potential diagnostic 
usefulness of circulating B4CG mRNA as a marker for 
predicting trisomy 18 pregnancies. However, our data 
also show that there is an overlap in the BhCG mRNA 
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Fig. 1. Maternal serum BhCG mRNA concentrations in first-trimester 
aneuploid and control pregnancies. 


Box-plots of BhCG mRNA concentrations (common logarithmic scale) in sera of 
control, trisomy 21 (721), and trisomy 18 (718) pregnancies. The lines inside the 
boxes denote the medians. The boxes denote the interval between the 25th and 
75th percentiles. The whiskers denote the interval between the 10th and 90th 
percentiles. @ indicate data points outside the 10th and 90th percentiles. 
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concentrations between the trisomy 18 and control cases. 
This implies that a relatively low sensitivity and specific- 
ity would result if maternal serum BiCG mRNA measure- 
ment were used as the sole predictor for pregnancies with 
trisomy 18. In ROC curve analysis (using MedCalc 5.0 
software), the mean (SE) area under the ROC curve was 
0.734 (0.067) with a 95% confidence interval of 0.651- 
0.806. On the other hand, a larger scale study may be 
necessary to explore whether maternal serum BhCG 
mRNA is a useful marker in trisomy 21 screening. 

In summary, our findings provide the first evidence for 
the value of circulating placental mRNA measurement in 
the noninvasive detection of a fetal chromosomal aneu- 
ploidy. The current study is designed primarily as a 
proof-of-concept investigation. The main technical advan- 
tage of the mRNA technology is the relative ease with 
which new mRNA markers can be developed, including 
genes coding for proteins for which no immunoassays are 
currently available. We believe that the availability of 
microarray technology could lead to development of 
panels of placenta-specific mRNA markers for future fetal 
aneuploidy screening. 


This study was supported by the Innovation and Tech- 
nology Fund (ITS/195/01). 
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Universal Sensing Strategy for the Detection of Nucleic 
Acid Targets by Optical Biosensor Based on Surface 
Plasmon Resonance, Bi-feng Yuan, Yu-hua Hao, and Zheng 
Tan’ (Laboratory of Biochemistry and Biophysics, College 
of Life Sciences, Wuhan University, Wuhan 430072, Peo- 
ple’s Republic of China; * author for correspondence: fax 
86-27-8788-2661, e-mail tanclswu@public.wh.hb.cn) 


PCR is an important technique for identifying specific 
nucleic acid targets; for example, sequences associated 
with diseases and pathogens in clinical, environmental, 
and food samples. Many techniques currently used for 
sequence-specific detection of PCR products either re- 
quire manual processing or are limited in the speed or 
scale of analysis. The development of biosensors in recent 
years has provided promising techniques for efficient 
sequence-specific DNA analysis (1). Biosensors have been 
used to detect target sequences in PCR products. Most 
studies have been conducted with the commercially avail- 
able biosensor BlAcore, which is based on surface plas- 
mon resonance (SPR) technology. In those investigations, 
either sequence-specific oligonucleotide probe (2-8) or 
amplified products themselves (8-11) were immobilized 
on the sensor chip, limiting their application to one 
sequence or to one particular sample. Such a strategy 
suffers several drawbacks: (a) it compromises the automa- 
tion and high-throughput capability of such instruments 
when different targets are analyzed; (b) chip-to-chip vari- 
ation makes it difficult to compare different measure- 
ments; and (c) probe immobilization and chip consump- 
tion make running costs substantial. 

To overcome these drawbacks, we describe here a 
“one-chip-for-all” strategy that is capable of, in principle, 
detecting different target sequences by use of the same 
sensor chip. Target sequences are amplified by asymmet- 
ric PCR using a primer pair in which the low-concentra- 
tion primer carries a common tag sequence that is identi- 
cal to that of the oligonucleotide capture probe 
immobilized on the sensor chip. The PCR product is then 
injected and captured on the sensor chip, and its sequence 
identity can be further verified by use of a target-specific 
probe (see Fig. 1 in the Data Supplement that accompanies 
the online version of this Technical Brief at http:// 
www.clinchem.org/content/vol50/issue6/). We exem- 
plify this application by analyzing three different genes: 
the cystic fibrosis transmembrane conductance regulator 
gene (CFTR), the mutation of which causes cystic fibrosis 
(12); the hTERT gene, which encodes the catalytic compo- 
nent of the human telomerase complex (13); and the 
human gene for the tumor suppressor p53 (Table 1). 

Asymmetric PCRs were conducted with 100 ng of 
human genomic DNA from HeLa cells in a final volume 
of 50 wL, containing 50 mM KCI, 10 mM Tris-HCl (pH 
8.8), 1 mM MgCl, 0.2 mM deoxynucleotide triphosphates, 
1 uM high-concentration primer; 0.1 w~M low-concentra- 
tion primer, and 3 U/reaction of Taq polymerase (MBI). 
Thermal cycling was conducted on a Biometro thermal 
cycler with initial denaturation at 94°C for 3 min, fol- 
lowed by 55 cycles of 94°C for 30 s, 58°C for 30 s, and 
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Table 1. Primers and probes used for CFTR, hTERT, and p53 amplification and detection. 


Target Oligonucleotide 
Immobilized capture probe 
CFTR High-concentration primer 
Low-concentration primer 
Probe, full match 
Probe, 1 mismatch 
Probe, 2 mismatches 
Probe, 3 mismatches 
High-concentration primer 
Low-concentration primer 
Probe, full match 
p53 High-concentration primer 
Low-concentration primer 
Probe, full match 


ATERT 


Sequence®* 
5'-Biotin-C, .-TGCGTGGAGCCAGCGAGAGAA-3’ 
5'-GCTAAGTCCTTTTGCTCACCTG-3’ 
5'-GGAGCCAGCGAGAGAATGAACACTGAAGGAGAAATCCAG-3’ 
5'-ATCGATGGTGTGTCTTGGGATTCAATAACTTT GCAACAGT-3’ 
5'-ATCGATGGTGTGTtTTGGGATTCAATAACTTTGCAACAGT-3’ 
5'-ATCGATGGTGTGTtTTGGGATTCAATCACTTTGCAACAGT-3’ 
5'-ATCGATGGTtTGTCTTGGGgTTCAATAACaTIGCAACAGT-3’ 
5'-CATCCTCTCAGGTTTCACGCA-3’ 
5'-GGAGCCAGCGAGAGAAATGACGCGCAGGAAAAATG-3' 
5'-TGGGGTTCTTCCAAACTTGCTGATGAAATGGGAGCTGC-3’ 
5'-CCTGTCATCTTCTGTCCCTICC-3’ 
5'-GGAGCCAGCGAGAGAAACTTGGCTGTCCCAGAATGC-3’ 
5'-AAGAAGCCCAGACGGAAACCGTAGCTGCCCTGGTAGGTT-3’ 


* The underlined uppercase bases indicate the tag sequences. The underlined lowercase bases indicate mismatches. 


72 °C for 30 s for CFTR and of 94 °C for 30 s, 60 °C for 30 s, 
and 72°C for 30s for hTERT and p53. Symmetric PCRs 
were conducted under the same conditions except that 0.1 
uM each of both primers were used. PCR products were 
run in 12% polyacrylamide gels at 20 V/cm for 1 h in 
Tris-borate-EDTA buffer [90 mmol/L Tris-borate (pH 8.0), 
2 mmol/L EDTA] and visualized by ethidium bromide 
staining. 

Detection of PCR products by SPR was conducted at 
30 °C ona BlAcore X biosensor with a streptavidin-coated 
SA5 sensor chip using HEPES-buffered saline containing, 
per liter, 10 mmol of HEPES (pH 7.4), 0.15 mol of NaCl, 
3.4 mmol of EDTA, and 0.05 mL of the surfactant P20 as 
running buffer. The biotinylated probe was immobilized 
on the sensor chip surface by injection of 30 wL of probe 
at 6 ng/wL into one flow cell, giving a capture of ~300 
response units (RU) of probe. The PCR sample was mixed 
with an equal volume of HEPES-buffered saline contain- 
ing 1.6 mol/L NaCl, and a 20-yL aliquot of this mixture 
was injected at 2 «L/min followed by a flow of running 
buffer. In some experiments, 10 wL of 10 ng/wL sequence- 
specific or irrelevant oligonucleotide was subsequently 
injected at 2 wL/min, followed by a flow of running 
buffer. The sensorgram of a blank cell was simultaneously 
recorded as reference and subtracted from that of the 
sensing cell. The sensor chip was regenerated by a pulse 
of 5 wL of NaOH (20 mmol/L) in NaCl (1 mol/L). 

Taking CFTR as an example, gel electrophoresis (Fig. 
1A) showed that the tag sequence in the low-concentra- 
tion primer was introduced into the symmetric and asym- 
metric PCR products based on their molecular sizes. The 
asymmetric PCR produced two weak bands with slower 
migration in addition to the double-stranded product. 
Evidence that these two bands were single-stranded DNA 
was that they were sensitive to mung-bean nuclease, 
which specifically digests single-stranded DNA. When 
the sample was incubated with the 40mer probe comple- 
mentary to the CFTR gene before electrophoresis, these 
bands disappeared and a new band appeared, indicating 
that they were both the single-stranded form of the 


expected products. Similar results were obtained for 
hTERT and p53. 

The BIAcore system monitors changes in mass of ana- 
lyte at sensor chip surfaces by changes in refractive index 
(14). The tag sequence introduced to the single-stranded 
PCR product is complementary to and can hybridize with 
the capture probe immobilized on the sensor chip. When 
PCR sample is injected, the hybridization between the 
PCR product and the probe is reflected by an increase in 
RU. The response is proportional to the quantity of PCR 
product captured (15). As shown in Fig. 1B, the amplified 
product hybridized to the capture probe, as demonstrated 
by the increase in RU. Little hybridization was detected 
when the tag sequence was not present in the low- 
concentration primer or the gene was omitted or ampli- 
fied by symmetric PCR (data not shown). 

The sequence identity of the captured PCR product was 
further verified by an injection of target-specific probe 
complementary to the CFTR sequence, which led to an 
additional increase of 143 RU, indicating that the captured 
product was indeed what was expected. Because the 
target-specific probe had 40 and the expected PCR prod- 
uct had 127 bases, an increment of 143 RU corresponded 
to 454 (143 = 127/40) RU of expected PCR product. The 
captured PCR product had a response of 500 RU before 
injection of the target-specific probe. This means that 
>90% of the captured DNA was the expected PCR 
product of CFTR. Note that the captured PCR product 
underwent a slow dissociation from the immobilized 
probe. Taking this into account, we estimated that >95% 
of the captured DNA was the expected PCR product. 
When noncomplementary probes were injected, no hy- 
bridization was detected. These results indicate that the 
detection is specific. Similar results were obtained when 
we used this same sensor chip to detect the other two 
targets, ie., the hTERT and p53 genes (Fig. 2 in the online 
Data Supplement). 

Because of mutations or single-nucleotide polymor- 
phisms (16), target genes may not fully match the se- 
quence-specific probes. Probes with one to three mis- 
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Fig. 1. Detection of PCR product of CFTR gene by gel electrophoresis 
and SPR. 


(A), gel electrophoretic analysis of PCR product. Lane 1, marker (molecular 
weight in base pairs at /eft); lane 2, symmetric PCR product (111 bp) without tag 
sequence in primer; /ane 3, symmetric PCR product (127 bp) with tag sequence 
in primer; lane 4, asymmetric PCR product with tag sequence in primer; lane 5, 
asymmetric PCR product with tag sequence in primer, treated with mung-bean 
nuclease; /Jane 6, asymmetric PCR product with tag sequence in primer, mixed 
with target-specific probe; lane 7, target-specific probe only. (B), detection of 
asymmetric PCR product by SPR using a “universal” sensing chip. Asymmetric 
PCR product of the CFTR gene was injected and captured by the immobilized 
probe as demonstrated by the increase in RU. After a period of running buffer 
flow, oligonucleotide probe complementary (Compl.) or noncomplementary (Non- 
compl.) to the target gene was injected followed by flow of running buffer. (C), 
effect of mismatch on the detection of PCR product. Asymmetric PCR product of 
CFTR gene was detected as in B except that the target-specific probe carried O 
(——), 1 (---+), 2 (---), or 3 (- — -) mismatched nucleotides. 


1059 


matches were injected after PCR product was captured on 
chip surface. The results shown in Fig. 1C demonstrate 
that for a 40mer probe, mismatches of up to 3 bases had 
little effect on the hybridization. This indicates that target 
can be verified even when a few mismatches are present. 
On the other hand, this method should also be applicable 
to the detection of point mutations if a shorter probe (~ 10 
bases) is used for the second hybridization (11). 

Optimization was conducted with respect to salt con- 
centrations and temperatures (Fig. 3 in the online Data 
Supplement). Salt greatly enhanced the hybridization. 
This can be explained by the fact that both DNA and the 
carboxymethylated dextran coating at the sensor surface 
are negatively charged and salt will reduce the repulsion 
between them. Increasing the temperature also enhanced 
hybridization, although occasional increased noise signals 
might be produced at 35 °C. We therefore conducted our 
formal measurements at 30 °C ina high concentration (0.8 
mol/L) of NaCl to obtain proper sensitivity and stability. 
For the BlAcore, background noise was within 1 RU 
(instrument specification). We obtained stable signals at 
~600 RU for 250 ng and >500 RU for 10 ng of input 
genomic DNA (data not shown). 

Flow-type biosensors such as the BlAcore biosensor are 
expected to be a valuable platform in diagnostics when 
automation and high-throughput capability are desired. 
Because there is no need to switch the chip for different 
targets or samples, the one-chip-for-all strategy described 
here should be especially suitable for automated, high- 
throughput analysis of large numbers of samples. The 
SPR technique avoids post-PCR processing, and the de- 
tection is highly specific, efficient, sensitive, and repro- 
ducible. The chip can be reused for hundreds of measure- 
ments in this particular case. After more than 260 
measurements, the binding capacity of the chip we used 
decreased by <6%. Using one chip for different samples 
and targets should simplify operation, improve efficiency 
for routine analysis, and reduce the running costs associ- 
ated with chip consumption and probe immobilization. 


This work was supported by Grants 39925008 and 
30270314 from the National Science Foundation of China 
and Grant G2000057001 from the Ministry of Science and 
Technology of China. 
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The advent of bioterrorism has highlighted the need for 
rapid, simple, and robust diagnostic assays to detect select 
agents. Mortality from select agents may be greatly re- 
duced by prompt treatment (1); however, treatment may 
be delayed if diagnostic assays are outsourced to refer- 
ence laboratories. Most bacterial species that would likely 
be used as bioterrorism agents infect the blood stream 
during the course of life-threatening disease. Further- 
more, even “nonseptic” syndromes may produce hema- 
togenous bacterial DNA that could be detected by a 
sensitive assay (2). This means that a rapid “molecular” 
version of a blood culture would fulfill many of the rapid 
diagnostic needs for biodefense. 

Bacteria can be detected in blood and other sterile body 
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sites by the identification of species-specific DNA se- 
quences in their 16S rRNA genes. These species-specific 
sequences are flanked by conserved sequences, permit- 
ting most rRNA targets to be amplified by PCR using a 
limited set of “universal” primers (3). Real-time PCR is 
well suited for sensitive and specific pathogen detection 
because it is performed in hermetically sealed wells, 
which greatly reduces the risk of cross-contamination, 
and it does not require post-PCR analysis (4). Real-time 
PCR assays have been developed for some select agents, 
most of which use fluorogenic 5’-nuclease (TaqMan) 
probes (5-7). However, TaqMan probes are difficult to 
use in multiplex PCR assays (8, 9). In contrast, molecular 
beacons are real-time PCR probes that are particularly 
amenable to multiplexing (10). They can be labeled with 
differently colored fluorophores (11), use a common 
nonfluorescent quenching moiety (9), and have thermo- 
dynamic properties that favor highly specific detection of 
nucleic acid sequences (12). 

Here we describe a real-time PCR assay that simulta- 
neously detects four bacterial agents that could be used in 
bioterrorism. This assay is specifically designed to test 
sterile body fluids, where a rapid and simple assay would 
be beneficial. We developed a flexible assay format that 
can easily be adapted to the wide range of spectrofluoro- 
metric thermal cyclers that are in common use, including 
thermal cyclers that have only one- or two-color capabil- 
ities, and others that can detect four or more colors 
simultaneously. 

Phenol-chloroform extraction of DNA from standard 
strains of Bacillus anthracis Vollum and Sterne, Yersinia 
pestis CO92, and Burkholderia mallei (ATCC 23344) was 
performed as described previously (13) in a biosafety 
level III laboratory certified to work with select agents 
(registration number 20011016-798; entity number 
C20031123-0125). A 180-bp amplicon for use as template 
in Francisella tularensis assays was also constructed in vitro 
from two overlapping oligonucleotides (Invitrogen). 
DNA was also extracted from clinical isolates of Staphy- 
lococcus aureus, S. epidermidis, Streptococcus pneumoniae, 
Klebsiella pneumoniae, Escherichia coli, Enterobacter cloacae, 
and Serratia marcescens to serve as controls. 

The conservation of 165 rRNA gene sequences among 
bacteria enabled us to design primers FUHP (5’-GTG- 
GACTTAGATACCCTGGTAGTCCAC-3’; underlined se- 
quence indicates additional nucleotides added to create a 
hairpin structure) and RUP (5’-GCGTTGCATCGAAT- 
TAA-3’) to amplify short segments of the 16S rRNA genes 
of Y. pestis, F. tularensis, and B. mallei by PCR. The benefits 
of hairpin-shaped primers have been noted previously 
(14-16). A second primer pair, FBa (5'-TGACGACAAC- 
CATGCACC-3’') and RBa_ (5'-ATGTGGTTTAATTC- 
GAAGCAA-3’), was designed to amplify a segment of the 
16S rRNA gene of B. anthracis. 

We designed molecular beacons (Table 1) that bound to 
amplicons generated from F. tularensis, B. mallei, and B. 
anthracis and that could not bind to amplicons generated 
by other significant human pathogens. However, the Y. 
pestis molecular beacon also bound to amplicons gener- 
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Table 1. Molecular beacons used in the study. 


Probe Target 
HE Y. pestis 
2 F, tularensis 
3 B. mallei 
4 B. anthracis 


Molecular beacon sequence” 
FAM?-5'-CGCTGCCCCTTGAGGCGTGGCTGCAGCG-3’-D 
FAM/TET-5'-CGCTCGTGGAGTCGGTGTAAAGGCTCCGAGCG-3’-D 
FAM/Texas red-5'-CGCTGCGTTGGGGATTCATTTCCTTAGTAAGCAGCG-3’-D 
FAM/Cy5-5’-CCGACGAGGGTTGTCAGAGGATGCGTCGG-3’-D/BHQ2 


* Underlined sequences form the stem of each molecular beacon. If more than one fluorophore or quencher moiety is indicated, the second is used in multiplexed 


assays. 


» FAM, 6-carboxyfluorescein; D, DABCYL; TET, tetrachlorofluorescein; BHQ2, Back Hole Quencher 2. 


ated from K. pneumoniae, E. coli, E. cloacae, and S. marc- 
escens, which share an identical 165 rRNA gene target 
sequence with Y. pestis. To standardize assay operating 
conditions, we also adjusted the probe and arm sequences 
of each molecular beacon so that all had similar melting 
temperatures in the presence of perfectly complementary 
targets. 

We tested the ability of each molecular beacon to 
specifically identify its target in a single-color assay using 
multiple wells of a 384-well assay plate. The molecular 
beacons designed to detect Y. pestis (Table 1, probe 1), F. 
tularensis (probe 2), B. mallei (probe 3), and B. anthracis 
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Flurorescence 
oO 


300 
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(probe 4) were labeled with the fluorophore fluorescein 
for these experiments. A 384-well assay plate was pre- 
pared containing a series of identical four-well assays 
with four different probes (200 nM) in each of the four 
wells. In addition, the wells contained 1X PCR buffer 
(Applied Biosystems); 4 mM MgCl; 250 uM each of 
dATP, dCTP, dGTP, and dTTP; 0.25 U of AmpliTaq Gold 
DNA polymerase (Applied Biosystems); 2.5 pmol each of 
both sets of primers; and 1 wL of template DNA in a final 
volume of 5 wL. Real-time PCR was performed with a 
7900HT Prism spectrofluorometric thermal cycler (Ap- 
plied Biosystems). The reaction mixtures were incubated 
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“© Y. pestis 


Fig. 1. Four-color multiplex assay. 


-> B. anthracis 
—B. mallei 


—® F. tularensis 
—No DNA 


Shown are the results of real-time PCRs containing DNA from different bacterial species, both primer pairs, and a mixture of four differently colored molecular beacons 
designed to detect all four select agents. Fluorescence signals are shown separately for the Cy5-labeled molecular beacon designed to detect B. anthracis (A), the Texas 
red-labeled molecular beacon designed to detect B. mallei (B), the tetrachlorofluorescein-labeled molecular beacon designed to detect F. tularensis (C), and the 
fluorescein-labeled molecular beacon designed to detect Y. pestis (D). These results show that in a mixture of the four molecular beacons, only the appropriate 
molecular beacon generates a fluorescence signal in the presence of its complementary DNA. Wells containing DNA from control organisms did not develop measurable 


fluorescence in any color. 
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for 10 min at 95 °C, followed by 40 cycles of 95 °C for 30 s, 
55°C for 60 s, and 72°C for 30 s. Fluorescence was 
measured in every well or tube during each annealing 
step throughout the course of each reaction. The “thresh- 
old cycle” was automatically determined by the computer 
program controlling the spectrofluorometric thermal cy- 
cler. Significant fluorescence appeared only in the wells 
containing a molecular beacon complementary to the 
target sequence of the bacterial DNA added to that well. 

We also studied whether the assay could be multi- 
plexed into a single-color, single-well screening assay to 
identify the presence of a select agent in a simplified 
format but not to distinguish among them. All four 
fluorescein-labeled molecular beacons and both primer 
pairs were combined in a single reagent mixture. DNA 
from one of the select agents or control organisms was 
added to each well, and real-time PCR was performed. As 
expected, a detectable fluorescence signal developed in 
every well that contained DNA complementary to one of 
the four molecular beacons present in the well (data not 
shown). In both these assay formats, no fluorescence 
signals appeared in any well when DNA from S. aureus, S. 
epidermidis, S. pneumoniae, B. cereus, or a no-DNA control 
was added. Wells containing probe 1 fluoresced in the 
presence of Y. pestis, K. pneumoniae, E. coli, E. cloacae, and 
S. marcescens (all of which share the same molecular 
beacon target sequence). 

We also estimated the lower limit of detection of the 
single-color multiplex assay. Triplicate DNA samples 
from each select agent were serially diluted in water and 
tested using the above protocol. We found positive PCR 
signals in all three replicates containing DNA extracted 
from the equivalent of =50 bacilli for B. mallei and =20 
bacilli for the other bacteria. 

The optimum biodefense assay should be able to both 
detect and distinguish among all select agents in a single 
assay well or tube. Each molecular beacon in the multi- 
plex assay would have to be individually distinguishable 
to accomplish this goal. We met these design criteria by 
labeling each molecular beacon with a different fluoro- 
phore and performed the assay in a SmartCycler II 
(Cepheid) that could independently monitor the fluores- 
cence generated by each fluorophore in an assay tube 
containing all four fluorophores. We selected each of the 
four fluorophores so that their emission maxima were 
well spaced from each other across the visible spectrum. 
All four molecular beacons and both primer pairs were 
multiplexed into a single reagent mixture to a final 
volume of 25 wl. DNA from one of the select agents or 
control organisms was added to each well, and real-time 
PCR was performed. A detectable fluorescence signal of 
the appropriate color developed in every well that con- 
tained DNA complementary to one of the four molecular 
beacons present in the well (Fig. 1). Each experiment was 
repeated at least three times to test its reproducibility. 

The importance of bacterial diagnostics in sterile body 
fluids is supported by current medical practice in which 
blood cultures are performed on virtually all ill patients 
with fevers and a suspected bacterial source (17). The 
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ability of molecular beacons to be labeled with differently 
colored fluorophores, and the development of instru- 
ments that are able to detect them, raises the possibility 
that highly multiplexed PCR assays can be designed to 
serve as “molecular blood cultures”, replacing current 
culture-based techniques. The availability of PCR screen- 
ing assays would greatly advance our ability to rapidly 
detect a broad range of infections, including those intro- 
duced by bioterrorism. Although the Y. pestis-specific 
molecular beacon was also able to hybridize to other 
Enterobacteriaceae, we do not view this as a disadvantage. 
This feature expands the range of the assay, enabling the 
detection of other common agents that cause sepsis. 
Importantly, the assay did not detect pathogens from skin 
flora that can occasionally contaminate a blood draw (in 
contrast, the presence of Enterobacteriaceae in a sterile body 
site is almost always indicative of disease). Future assays 
can be designed to specifically detect Y. pestis by includ- 
ing a third primer pair and a molecular beacon that 
differentiates between Y. pestis and other Enterobacteri- 
aceae. 
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Ischemia-modified albumin (IMA) has been proposed as a 
biological marker of myocardial ischemia (1, 2). Exposure 
to ischemic myocardium modifies circulating albumin at 
its NH, terminus by different mechanisms, and_ this 
modification is the basis of IMA measurement by the 
albumin cobalt binding (ACB) test (3). The tissue-specific 
nature of the mechanism by which ischemia modifies 
albumin remains undetermined. Together with a nondi- 
agnostic electrocardiogram and negative troponin values, 
IMA concentrations within the reference interval have 
high negative predictive value of myocardial ischemia in 
patients with suspected acute coronary syndromes (1, 2). 
However, IMA cardiospecificity has not been validated 
and needs an evidence base before routine clinical use. A 
recent report showed significant IMA increases 24—48 h 
after a marathon race, with exercise-promoted gastroin- 
testinal and/or delayed skeletal muscle ischemia being 
evoked as possible causes of such increases (4). However, 
because IMA has shown rapid kinetics of increase (in 
minutes) and return to baseline no longer than 12 h after 
angioplastic procedures (5), long-duration skeletal mus- 
cle ischemia (i.e., occurring during marathons) does not 
appear to be the most appropriate model to investigate 
the effect of such ischemia on IMA values or the kinetics 
of IMA occurring during acute coronary syndromes. The 
aim of this work was to analyze the possible contribution 
of skeletal muscle ischemia to IMA by investigating its 
short-term kinetics in an isolated skeletal-muscle ischemia 
model. Because lactate and ammonia concentrations in- 
crease sharply after a forearm ischemia test, their possible 
influence in the ACB assay was studied. 

Ten healthy volunteers (4 men and 6 women) from our 
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laboratory staff (age range, 48-61 years; median, 53 years) 
with no personal or family history of cardiovascular 
disease and no known cardiovascular risk factors after a 
medical examination underwent a forearm ischemia test 
(6). Briefly, after an overnight fast (10-12 h) and 30 min of 
previous rest, a preexercise (0 min) blood sample was 
drawn, and blood systolic pressure was recorded twice 
within a 5-min interval. Thereafter, forearm ischemia was 
produced by inflating the blood pressure cuff up to 20-30 
mmHg higher than the maximum systolic pressure regis- 
tered. Under these ischemic conditions, a hand-grip exer- 
cise at maximum possible strength was performed for 1 
min. Thereafter, the cuff was removed, and serial blood 
samples were drawn at 1, 3, 5, 10, 15, and 30 min. Serum 
for IMA, creatine kinase, and potassium; EDTA plasma 
for ammonia; and fluoride plasma for lactate and glucose 
were collected at each time point into Vacutainer® Tubes 
(Becton Dickinson). To establish reference values, IMA 
was tested in a group of 86 fasting (10-12 h), ambulatory 
(median age, 57 years; 38 women) sedentary individuals 
who underwent blood sampling after health examinations 
or before minor surgical procedures. Individuals with 
cardiovascular risk factors or past or present signs or 
symptoms of cardiovascular disease recorded during the 
medical examination were excluded. Volunteers and ref- 
erence individuals gave written informed consent. All 
procedures were in accordance with our Institutional 
Review Board protocols. 

Serum IMA was measured with the ACB test (Ischemia 
Technologies Inc.) adapted to a Roche Cobas Mira ana- 
lyzer (ABX Diagnostics) according to the manufacturer’s 
instructions for specimen and reagent handling. The prin- 
ciple of the test has been described previously (3). In 
individuals undergoing the forearm ischemia test, ammo- 
nia, lactate, and glucose (all samples), and creatine kinase 
and potassium (basal and 5 min postexercise) were mea- 
sured in a Vitros 250 analyzer (Ortho Diagnostics). Con- 
centrations of L-(+)-lactic acid (lactic acid free acid; 300 
g/L solution in water; Sigma, cat. no. L-1875; lot no. 
052K1278; M, 90.08) ranging from 50 to 900 mmol/L and 
ammonia (from ammonium chloride salt; Merck; cat. no. 
1145; lot no. 7448183; M, 53.49) ranging from 2 to 18 
mmol/L were dissolved separately in 20 mmol/L MOPS 
buffer and added to a serum pool (IMA = 106 kilo- 
units/L) at a constant ratio of 1/100 of the final sample 
volume. Lactate and ammonia concentrations of the en- 
riched pool were measured by the above-described meth- 
ods. All enriched samples were measured in quadrupli- 
cate. The Wilcoxon paired t-test and correlation equations 
were calculated with GraphPad Prism, Ver. 3.0 (Graph- 
Pad Software Inc.). 

Between-batch imprecision (CV) of the ACB test was 
assessed at IMA concentrations of 69 and 114 kilounits/L 
and was <3% (n = 8) for both concentrations. The 95th 
percentile for IMA in the reference population was 101 
kilounits/L (nonparametric). Results of the forearm isch- 
emia test are shown in Table 1. Increases in lactate and 
ammonia were five- and sevenfold over basal values, 
respectively, during the first 5 min after exercise, demon- 
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Table 1. Mean (SD) lactate, ammonia, albumin, and IMA values and IMA:albumin ratios measured before (O min) and after 
(1-30 min) the forearm ischemia test in 10 healthy volunteers.* 


Time, min Lactic acid, mmol/L Ammonia, mmol/L 
0 1.10 (0.30) 20 (10) 
ul Loyal (1.14)? 116 (39)? 
3 5.26 (1.14)? 136 (55° 
5 4.35 (1.02)? 133 (60)? 
10 2.77 (1.14) 90 (54) 
15 2.07 (0.83) 62 (35) 
30 1.22 (0.35) 32 (23) 


* The test is described in detail in the text. 
© P <0.05 with respect to basal (0 min) values. 


Albumin, g/L IMA, kilounits/L IMA:Albumin, kilounits/g 
39.9 (2.3) 94.5 (9.1) 2.37 (0.27) 

40.9 (2.8) 87.5 (8.9)? 2.14 (0.27)? 
40.3 (2.1) 87.1 (7.9)? 2.16 (0.25)? 
39.8 (2.1) 89.1 (6.3)? 2.24 (0.22)? 
39.4 (2.5) 90.7 (7.9) 2.30 (0.26) 

39.2 (2.3) 91.8 (8.1) 2.34 (0.29) 

39.2 (2.4) 93.8 (7.3) 2.29 (0.25) 


strative of ischemic-performed exercise (Table 1 and Fig. 
1A). Creatine kinase, glucose, and potassium concentra- 
tions remained unchanged after exercise (data not 
shown). A significant, negative correlation between IMA 
values and albumin concentrations was found both in 
forearm ischemia and in reference samples [IMA (kilo- 
units/L) = —2.366albumin (g/L) + 186.4; r = —0.756; P 
<0.001; n = 152; Fig. 1B]. The ratio of IMA values to 
albumin (IMA:albumin) was also assessed, and the non- 
parametric 95th reference percentile was 2.59 kilounits/g. 
Mean IMA and IMA:albumin values obtained during the 
forearm ischemia test were below the respective 95th 
reference percentiles, although 6 of the 70 samples were 
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above these limits. A significant (P <0.05) decrease in 
both IMA and IMA:albumin at 1, 3, and 5 min was 
observed, with a return to baseline thereafter (Table 1 and 
Fig. 1A). Albumin concentrations did not change signifi- 
cantly. In the enriched serum pool, IMA concentrations 
decreased, whereas lactate increased, with negative mean 
differences of —9% at a lactic acid concentration of 5 
mmol/L and —25% at the maximum concentration of 11 
mmol/L (Fig. 1C). A significant correlation (r = —0.98; P 
<0.001) was found between IMA and lactate values. After 
MOPS buffer addition in the proportion used for the 
assay, the pH range of the enriched pools varied only by 
0.04 units. IMA values remained unaffected by ammonia 
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Fig. 1. IMA kinetics and relationships. 


(A), IMA (in kilounits/L) and lactate (mmol/L) kinetics during the forearm 
ischemia test. Dotted line indicates the 95th reference percentile. *, P <0.05 
compared with basal (0 min) values. (B), correlation between IMA and albumin 
[IMA (kilounits/L) = —2.366albumin (g/L) +186.4; r= —0.756; P <0.001; 
n = 152]. (C), IMA values in a serum pool to which different lactate concentra- 
tions had been added. Lactate values (x axis) correspond to those measured 
after addition of lactic acid. Results are the mean of four separate experiments. 
IMA (kilounits/L) = —2.7Olactate (mmol/L) + 110; r= —0.98. 
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concentrations up to 250 wmol/L (mean difference rang- 
ing from —1% to 5%). 

Biological evidence of myocardial ischemia remains a 
diagnostic challenge. Detection of IMA appears to be a 
promising tool for myocardial ischemia detection in pa- 
tients with no increases in troponin (1,2). However, 
before IMA can be routinely used in clinical practice 
several questions, including its cardiospecificity, upper 
reference limit, and albumin relationship, must be an- 
swered. This work attempted to answer some of these 
questions. Release of biological markers from skeletal 
muscle is a major concern for specific myocardial damage 
detection. Thus, IMA tested under skeletal muscle isch- 
emia conditions is an appropriate model. To date, only 
Apple et al. (4) have analyzed IMA in such conditions, 
showing increased basal IMA values in 31% of marathon 
runners, a drop to baseline values immediately after a 
marathon, and a return to increased values in 63% of cases 
24-48 h thereafter. Skeletal muscle and gastrointestinal 
ischemia was implicated as a cause of such delayed 
increases in IMA values. However, this model of exten- 
sive, long-duration skeletal muscle ischemia likely does 
not reproduce the events occurring during myocardial 
ischemia. 

The forearm ischemia test model, in which transient but 
complete blood flow occlusion is produced and skeletal 
muscle works under such conditions, produces skeletal 
muscle ischemia and is more analogous of myocardial 
ischemia. In the current study, during the forearm isch- 
emia test, a significant decrease in IMA occurred 1-5 min 
after exercise, with recovery to basal values thereafter. 
Mean IMA values were always below our laboratory’s 
95th reference percentile, and only 9% of the analyzed 
samples were above this limit. However, our 95th refer- 
ence limit of 101 kilounits/L was 20% higher than the 85 
kilounits/L stated by the manufacturer. This is in accor- 
dance with the manufacturer’s recommendation indicat- 
ing the need for reference values derived from popula- 
tions with the same characteristics as patients to be 
evaluated with the test. However, it should be noted that 
the small size of our reference population could also have 
influenced our 95th percentile. 

Forearm exercise in ischemic conditions promoted 
sharp increases in lactate (fivefold) and ammonia (seven- 
fold). Because these increases occurred simultaneously 
with IMA decreases, possible interference of both metab- 
olites on the ACB test was assessed. Addition experiments 
using a serum pool with both lactate and ammonia added 
produced different results. IMA values remained un- 
changed throughout increasing concentrations of ammo- 
nia. However, as lactate concentrations increased, IMA 
values decreased. Final lactate concentrations of 3-11 
mmol/L reduced the initial IMA value by 7-25%, whereas 
concentrations of 4 and 5 mmol/L, which can be observed 
in clinical practice, decreased IMA values by 8% and 9%, 
respectively. Although an effect of lactate on the ACB test 
at plasma lactate concentrations within reference values 
could be negligible, our data suggest that lactate could 
interfere in the ACB test. In patients with increased lactate 
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concentrations, decreasing true IMA values might de- 
crease the diagnostic sensitivity. The potential of an 
interesting finding was the strong negative association 
between albumin and IMA values. Each 1 g/L change in 
albumin within the physiologic range of albumin (35-45 
g/L) produced an opposite change of 2.6% in IMA values. 
This could partly explain IMA differences between pop- 
ulations, such as those observed between our reference 
value and that stated by the manufacturer. However, the 
contribution of interinstrument differences cannot be ruled 
out as a reason for such a difference. It could also suggest 
the need to evaluate IMA values together with those of 
albumin to avoid possible false-positive or -negative val- 
ues in individuals with hypo- or hyperalbuminemia. 


We are indebted to Ischemia Technologies for supplying 
part of the reagents used and to Christine O’Hara for 
editorial assistance. The work was supported by Grant 
C03/01 from Instituto de Salud Carlos II (Spain). 
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In normal human pregnancy, the uterus and its arterial 
system, including the decidua and the adjacent third of 
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the myometrium, are invaded by cytotrophoblasts (1, 2), 
which initiate conversion of the decidual vascular system 
from a high-pressure/low-flow system to a low-pres- 
sure/high-flow system that meets the needs of the fetus 
and placenta (3). The trophoblastic invasion in humans 
occurs between weeks 8 and 18 of pregnancy (4). The 
invasion process into the uterus shows many similarities 
to the invasion of malignant cells during metastasis in that 
both types of cells have to pass through a basal membrane 
(5). One of the most important diseases of pregnant 
women, preeclampsia, is known to be associated with a 
failure of complete trophoblastic invasion in the first third 
of the myometrium (6). 

Epigenetic alterations, including changes in DNA meth- 
ylation status, are among the most common molecular 
alterations in human neoplasia (7). DNA methylation 
changes are also involved in mammalian development, 
starting with a wave of demethylation during cleavage, 
followed by genome-wide de novo methylation after 
implantation (8). Recently, Ohgane et al. (9) reported that 
the differentiation of a trophoblast lineage is associated 
with DNA methylation and demethylation. In many 
cases, aberrant methylation of the CpG island genes has 
been correlated with a loss of gene expression, and it has 
been proposed that DNA methylation provides an alter- 
native to gene deletion or mutation for the loss of gene 
function (7). Moreover, it is now widely known that 
methylated DNA can be detected in various body fluids, 
including serum and plasma, and that the methylation 
status of some genes can be used for early detection of, or 
even risk assessment for, various types of human neopla- 
sia (10). 

Cell-free fetal and maternal DNA can be detected in the 
maternal bloodstream (11) and is reported to be robust 
and easy to obtain (12). Cell-free fetal DNA in maternal 
plasma seems to be of importance in noninvasive prenatal 
diagnosis (13) and in the diagnosis of some pregnancy- 
associated diseases, such as preeclampsia (14). Recently, 
Poon et al. (15) reported the first use of differential DNA 
methylation in maternal plasma to detect fetal DNA. The 
cellular origin of the increase in total plasma DNA is 
unclear at present, but Chan et al. (16) speculated that 
fetal DNA may be released into the plasma by tropho- 
blasts, whereas maternal DNA may be released into the 
circulation by the decidua. 

In this proof-of-principle study we addressed the ques- 
tion of whether the methylation pattern in the serum of 
pregnant women early in pregnancy of genes known to be 
involved in the invasion process shows similarities to the 
methylation pattern in patients with invasive cancers. We 
also asked whether such an invasion-specific methylation 
pattern in serum shows differences between women with 
normal pregnancies and women developing preeclamp- 
sia—a disease known to be accompanied by a disturbed 
invasion process in the first trimester (6). We chose a 
panel of three genes (CDH1, TIMP-3, and PTGS-2) known 
to play key roles in the invasion process of tumor cells 
(17-19), which are often regulated by promoter hyper- 
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methylation (20-22), or in the invasion process of tropho- 
blast cells (2,23-25). We also chose one gene (BLT1) 
involved in the regulation of immune response and 
regulated by promoter hypermethylation (26). In addi- 
tion, we selected two genes (APC and RASSF1A) known 
to be involved in pathways counteracting metastasis that 
are reported to be methylated in several human neopla- 
sias (27, 28). Recently, we were able to demonstrate that 
DNA sequences of these six genes are highly methylated 
in serum of patients with advanced breast cancer and 
show less methylation in primary breast cancer patients 
(29). 

We analyzed the methylation status of the above- 
mentioned six genes early in gestation in 32 serum sam- 
ples from healthy pregnant women with normal preg- 
nancy outcomes and in serum samples from 17 healthy 
pregnant women who were later diagnosed with either 
severe preeclampsia (diastolic blood pressure >110 
mmHg and 3+ proteinuria), eclampsia, or HELLP syn- 
drome [gestational age at time of sampling, 10-15 weeks 
(median, 12 weeks) and 6-17 weeks (median, 12 weeks), 
respectively]. The serum samples were obtained during 
normal blood drawing for screening during the early 
gestational weeks. The median patient ages were 32 years 
(range, 19.7—41.3 years) for pregnant women with normal 
pregnancy outcomes and 28.5 years (range, 8.6—42.4 
years) for women who later developed severe preeclamp- 
sia, eclampsia, or HELLP syndrome. Clinical data for all 
included patients were analyzed anonymously, and per- 
sons performing methylation analyses were totally 
blinded to the clinical data. 

Genomic DNA from serum samples was isolated by use 
of the High Pure Viral Nucleic Acid Kit (Roche Diagnos- 
tics) according to the manufacturer’s protocol with some 
modifications for multiple loading of the DNA extraction 
columns to obtain a sufficient amount of DNA (29). 
Sodium bisulfite conversion of genomic DNA and the 
MethyLight assay for methylation analysis were per- 
formed as described previously (30,31). Primers and 
probes for the analyzed genes were also as published 
previously (29). Using the MethyLight assay, we obtained 
percentages of fully methylated reference values, and in 
this study we deemed a percentage of fully methylated 
reference value >0 as positive for methylation. 

We detected various degrees of DNA methylation of 
the six loci in sera from pregnant women early in preg- 
nancy who showed normal as well as pathologic preg- 
nancy outcomes (Table 1). We found statistically signifi- 
cant differences between the methylation status of APC in 
sera of women who later developed severe preeclampsia, 
eclampsia, or HELLP syndrome (n = 17) vs healthy 
pregnant women (n = 32; P = 0.041) and an inverse trend 
(P = 0.067) for RASSF1A methylation in sera of these two 
groups of pregnant women (Table 1). 

We also compared the methylation profiles of the 
pregnant women in early pregnancy who had normal as 
well as pathologic pregnancy outcomes with the methyl- 
ation status of sera from 10 healthy controls, pretreatment 
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Table 1. Percentage of samples positive for methylation at a specific gene locus in sera of pregnant women, healthy 
controls, and breast cancer patients. 


Group TIMP-3 
Healthy pregnant women (n = 32) 6 
Pregnant women who later developed preeclampsia, 18 
eclampsia, or HELLP (n = 17) 
Healthy controls (n = 10) 0 
Patients with primary breast cancer (n = 26) 0) 
Patients with advanced breast cancer (n = 10) 20 


Percentage of positive samples at each locus 


CDH1 PTGS2 BLT1 APC RASSF1A 
69 88 100 18 56 
59 100 100 47 29 
25 30 60 0) 10 
20 39 85 23 23 
90 100 100 80 80 


sera from 26 patients with primary breast cancer, and sera 
from 10 patients with metastasized breast cancer. The sera 
of these patients had been analyzed previously for an- 
other reason in a recently published study (29). All 10 
control patients underwent core biopsies of the breast and 
were confirmed to have benign disease of the breast (age 
range, 20.5-71.5 years; median, 42.4 years). Within the 
group of primary breast cancer patients (age range, 36.1- 
83.9 years; median, 58 years), 2, 18, and 6 patients had 
pI, pT2, and pT3 cancers, respectively, and 15, 10, and 1 
patients had lymph node-negative, -positive, and un- 
known disease, respectively. The 10 patients with ad- 
vanced breast cancer were diagnosed with metastases in 
the bone, lung, brain, or liver (age range, 49.3-68.7 years; 
median, 53.6 years). 

We first addressed the question whether sera from the 
two groups of pregnant women had a methylation status 
different from that of healthy controls. We found strong 
statistically significant differences between the methyl- 
ation status of PTGS2 and BLT1 in sera from pregnant 
women (n = 59) vs healthy controls (n = 10; P <0.001 for 
both), a statistically significant difference for RASSF1A 
methylation (P = 0.038), a trend (P = 0.051) for CDH1 
methylation status, and no significant differences in the 
TIMP-3 and APC methylation status (Table 1). Looking at 
the methylation status of these six gene loci in sera from 
healthy controls vs pretreatment sera from primary breast 
cancer patients we found no statistically significant dif- 
ferences (data not shown). Otherwise, looking at various 
methylation changes in healthy controls compared with 
those in patients with advanced breast cancer revealed 
statistically significant differences for CDH1, PTGS2, APC, 
and RASSF1A methylation (P = 0.013, 0.003, 0.001, and 
0.005, respectively), a trend for BLT1 methylation (P = 
0.087), and no significant differences for TIMP-3 methyl- 
ation (Table 1). 

With this proof-of-principle study we show for the first 
time that methylation changes in TIMP-3, CDH1, PTGS2, 
BLT1, APC, and RASSF1A can be detected in pregnant 
women. From our point of view, the most important 
finding is the similarity between pregnant women and 
metastasized breast cancer patients in the methylation 
changes in genes that are known to be involved in 
metastasis and tumor cell invasion (17-19, 27, 28) or even 
in the invasion process of trophoblast cells (2, 23-25) and 
in the regulation of the immune response (26). As sera of 


those cancer patients without evidence of metastasis at 
the time of diagnosis lacked the methylation changes 
found in advanced breast cancer and pregnancy (Table 1), 
we speculate that the observed methylation pattern re- 
flects DNA release from invasive cells, specifically tropho- 
blast cells and tumor cells. 

In summary, a Statistically significant difference in 
methylation of APC was seen in sera of healthy pregnant 
women and women who later developed severe pre- 
eclampsia, eclampsia, or HELLP syndrome, perhaps of- 
fering a possible tool for early detection of this severe 
disease in pregnancy. We also describe for the first time in 
a phenomenologic way that methylation changes in sera 
of women in early pregnancy are similar to those in sera 
of patients with advanced breast cancer. Further studies 
are needed to clarify the importance of DNA methylation 
in regulating the invasion process of cells in general and 
of trophoblast cells in particular. 
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Self-monitoring of blood glucose (SMBG) is recom- 
mended to improve metabolic control for patients with 
diabetes because tight glycemic control can decrease 
microvascular complications in individuals with type 1 
and type 2 diabetes (1,2). The worldwide market for 
SMBG is $2.7 billion per year, with annual growth esti- 
mated to be 10-12% (3). The performance of these instru- 
ments is therefore an important issue. 

In most studies evaluating instruments for SMBG, the 
patient is not involved, although user errors account for a 
large portion of the total error in SMBG (4). In Interna- 
tional Organization for Standardization document ISO/ 
FDIS 15197, it is therefore recommended that a user 
performance evaluation should be performed in addition 
to testing by a medical laboratory technologist (MLT) (5). 
We have developed a procedure based on these recom- 
mendations in which instruments are tested simulta- 
neously by an experienced technologist and a group of 
patients under the same conditions, using blood from the 
same patients. The procedure was evaluated with two 
instruments: Glucometer Dex from Bayer (1999) and Glu- 
coMen Glyco from Menarini (2002). 

Norwegian patients with diabetes (type 1 and type 2) 
participated. For each meter, 100 patients were randomly 
divided into two groups, as shown in Supplement 1 of 
the Data Supplement that accompanies the online version 
of this Technical Brief at http://www.clinchem.org/con- 
tent/vol50/issue6/. Before the evaluation, one group was 
given specific training by a MLT (1-2 h) on how to use the 
new meter, in addition to standard written instructions, 
whereas the other group received the meter by mail with 
the same standard instructions. Three lots of strips were 
used in the test. After receiving their new meter, the user 
manual, and 50 strips, the patients familiarized them- 
selves with the meter for 2 weeks. In the period between 
2 and 4 weeks, the patients performed five glucose 
measurements in duplicate on themselves on 5 different 
days. After 4 weeks, the patients met individually with 
the MLT for a consultation. During the consultation, the 
patients first performed two measurements on themselves 
with no instructions from the MLT. Within 5 min, the 
MLT took a sample from a different finger. With this 
blood sample, glucose measurements were performed 
twice on two different meters and twice with the reference 
method. Because the meters had no underfill detection, 
the MLT visually checked the strips and marked all 
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Fig. 1. Difference between Glucometer Dex or GlucoMen Glyco results (first measurement) and reference method results (mean of two 
measurements) plotted against the reference method results. 


(A), patients (n = 93 and 90 for Glucometer Dex and GlucoMen Glyco respectively); (B), MLT (n = 95 and 92 for Glucometer Dex and GlucoMen Glyco, respectively). 
Measurements with strips filled incompletely with blood are indicated with closed symbols. Open symbols indicate measurements with different lots of test strips. Lines 
represent limits suggested from American Diabetes Association (inner lines) (9) and in ISO/FDIS 15197 (outer lines) (5). 
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Table 1. Analytical quality. 


Accuracy? Imprecision” 
Deviation Results 
Instrument Examined by n >ISO standard,° % n Mean, mmol/L excluded,? n Cv," % 
Glucometer Dex MLT 95 11.6 (5.9-19.8) 187 10.5 2 5.6 (5.2-6.1) 
Patients at consultation 93 24.7 (16.3-34.8) 92 10.3 4 9.8 (8.8-11) 
Patients at home 396 9.0 9 8.6 (8.1-9.1) 
GlucoMen Glyco MLT 92 1.1 (0.1-6.1) 191 9.0 0 4.3 (4.0-4.7) 
Patients at consultation 90 6.7 (2.4-14.0) 94 9.2 2 6.8 (6.1-7.8) 
Patients at home 411 8.5 5 6.4 (6.1-6.9) 


Excluding results related to incorrect coding and incompletely filled strips 


Excluding results from incompletely filled strips 


Glucometer Dex MLT 88 6.8 (2.5-14.3) 140 10.5 1 4.2 (3.8-4.6) 
Patients at consultation 70 14.3 (7.4—25.2) 57 10.3 1 5.9 (5.1-7.0) 
GlucoMen Glyco MLT 92 1.1 (0.1-6.1) 191 9.0 0 4.3 (4.0-4.7) 
Patients at consultation 70 1.4 (0.1-8.8) 85 9.6 2 4.6 (4.1-5.3) 


? Percentage of measurements (first of duplicate) that deviate from the reference method (mean of duplicate) by more than the difference allowed by the ISO standard 
(5). When calculating the accuracy only measurements from the MLT’s instrument for which all three lots were included are presented. 
» Calculated from duplicate measurements from patients or from the MLT. When calculating the imprecision for instruments used by the MLT, measurements for both 


meters were included. 
© Mean (95% confidence interval). 
7 Results were excluded based on the criterion promoted by Burnett (16). 
© 95% confidence interval in parentheses. 


measurements with strips not completely filled with 
blood. The MLT also observed whether the instrument 
was coded correctly. Finally, the patients completed two 
questionnaires, one about the user manual and one about 
the user-friendliness of the device. The study protocol 
was approved by the Norwegian Regional Committee for 
Medical Research Ethics. 

The comparison method for the Glucometer Dex was a 
glucose dehydrogenase method using hemolyzed blood 
with reagents from Roche Diagnostics (Unimate 7) run on 
a Cobas Fara centrifugal analyzer (Roche Diagnostics). 
The comparison method for GlucoMen Glyco was a 
method that measures glucose in plasma on an Advia 
1650 with reagents from Bayer (Glucose Hexokinase 
Method II; prod. no. B01-597-01). Both methods were 
verified by SRM 965 from the NIST and by control 
solutions verified by the isotope dilution- gas chromatog- 
raphy/mass spectrometry reference method. 

Imprecision (SD and CV) was calculated by use of 
paired measurements, based on the formula: 


De 
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where d is the difference between measurements, and n is 
the number of duplicate samples. The criterion promoted 
by Burnett (6) was used for detection of outliers. 
According to ISO/FDIS 15197 (5) and the NCCLS (7), 
the number of measurements deviating more than +20% 
(results =4.2 mmol/L) and >0.83 mmol/L (results <4.2 
mmol/L) should be <5%. None of the meters met these 
requirements when used by patients, but the GlucoMen 
Glyco met the requirements when used by the MLT (Fig. 
1 and Table 1). However, several other, usually stricter 


quality specifications have been suggested (8-11), e.g., 
the American Diabetes Association suggests a total error 
of +10% (9). 

As can be seen in Table 1, the measurements performed 
by the patients had significantly poorer precision than 
measurements performed by the MLT (P <0.05). On the 
basis of patient-derived quality specifications and simu- 
lation studies, it has been suggested that imprecision 
should be <5% (9,10). In a study where the analytical 
quality of five SMBG systems was investigated, the CV 
varied from 5% to 11% when patients used the instru- 
ments compared with 2.3-5.9% when a MLT used them 
(12), which is in line with our results. 

One important issue of incorporating a user test in the 
evaluation of SMBG devices is to discover user errors that 
will not be detected by the MLT. This was found for the 
GlucoMen Glyco, but not for the Glucometer Dex. For the 
GlucoMen Glyco, 6% of the measurements performed by 
the patients were done with too little blood, whereas the 
MLT had no such measurements. In addition, 16% of the 
patients had not coded the instrument correctly (Fig. 1 
and Table 1). If measurements related to these errors were 
excluded from the calculations, the analytical quality of 
the meter would also be acceptable in the hands of the 
patients. Regarding the Glucometer Dex, there was a 
problem with the strip that led to poor uptake of blood. 
As many as 24% of the measurements performed by the 
patients with the Glucometer Dex at the consultation were 
done with too little blood. The MLT, as well as the 
patients who received training, had significantly fewer 
incompletely filled strips at the consultation than the 
group of untrained patients (15%, 18%, and 31%, respec- 
tively; Fig. 1 and Table 1). This problem thus would have 
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been detected by the MLT, but was more obvious when 
the patients used this meter. 

To evaluate the lot-to-lot variation, we included only 
the measurements performed by the MLT. For the Glu- 
cometer Dex, the analytical quality of one lot was signif- 
icantly poorer than the quality of the two others, even 
when we excluded the results for incompletely filled 
strips. For the GlucoMen Glyco there was no difference in 
analytical quality among the three lots, but all had a 
negative bias compared with the reference method, as 
shown in Supplement 2 in the online Data Supplement. 
Lot-to-lot variation may be a considerable problem with 
SMBG devices and could be a major factor in loss of 
analytical quality (12). From 2004 onward, the quality of 
all lots on the Norwegian market will be examined. 

Educational efforts might influence the performance of 
SMBG (13-15). For the Glucometer Dex, the precision 
obtained both at the consultation and at home was better 
for the patient group trained on meter use by the MLT 
compared with the group that received only written 
instructions [CV, 12% and 28% for the trained patients 
and the untrained patients, respectively, at the consulta- 
tion (P <0.05) vs 5.6% for the trained patients and 8.8% for 
the untrained patients at home (P <0.05)]. For the Glu- 
coMen Glyco, the precision obtained at home was better 
for the trained group than for the nontrained group (CV, 
5.2% vs 7.6%; P <0.05). However, 12 patients in the 
nontrained group compared with 2 patients in the trained 
group had coded the GlucoMen Glyco incorrectly. 

User errors that were assessed in the evaluations were 
highlighted in the questionnaires (Supplements 3 and 4 in 
the online Data Supplement). Regarding the Glucometer 
Dex, ~25% of the patients commented on the problem of 
poor uptake of blood. In the case of the GlucoMen Glyco, 
13% answered that it was difficult to apply blood to the 
test strip, and 17% found it difficult to code the instru- 
ment. Manufacturing of SMBG instruments according to 
patients’ wishes may lead to improvements in acceptabil- 
ity, compliance, and glucose control (16). 

Each evaluation lasted ~5 months. One month was 
used to prepare the work, 2.5 months were needed to 
complete the practical work, and 1 month was needed for 
result evaluation. The costs were estimated to be approx- 
imately NOK 150 000 (US $20 000) for each evaluation. 

It is essential that important shortcomings of SMBG 
devices are disclosed before the instruments are made 
commercially available. A procedure for evaluating new 
instruments and strips should therefore be standardized, 
including both a user part and a part that deals with 
analytical quality in the hands of experienced technolo- 
gists. The evaluation should not be too costly to perform. 
We believe that our procedure fulfills these demands, and 
the Norwegian Health Authorities have decided that all 
SMBG instruments marketed in Norway should be exam- 
ined by a procedure similar to the one described in this 
study. In addition, all lots of strips on the market will be 
tested in a special survey because they cannot be included 
in the procedure for practical reasons. 
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The Glucometer Dex and GlucoMen Glyco instruments 
and strips used and tested by the MLT and the patients in 
the study were kindly supplied by Bayer Diagnostics 
(Tarrytown, NY) and Menarini (Firenzi, Italy), respec- 
tively. The National Office for Social Insurance in Norway 
provided financial support for the study. The study is part 
of the Global Campaign of Diabetes Mellitus launched by 
the IFCC. 
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The measurement of natriuretic peptides for the diagnosis 
of heart failure has been a major breakthrough in cardi- 
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Fig. 1. BNP and NT-proBNP plasma concentrations in 
individual patients (n = 17) before and after hemo- 
dialysis (HD). 

High-flux membrane (solid lines), n = 13; low-flux mem- 
brane (dashed lines), n = 4. 
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ology (1,2). B-Type natriuretic peptide (BNP) is synthe- 
sized as preproBNP mainly in the ventricular myocar- 
dium. On ventricular myocyte stretch, preproBNP is 
enzymatically cleaved to proBNP and released in the form 
of the hormonally active BNP and the inactive N-terminal 
proBNP (NT-proBNP). Both BNP and NT-proBNP have 
been shown to reflect heart failure severity (1), but studies 
on their sensitivity and specificity for different degrees of 
heart failure produced conflicting results (3—6 ). Both BNP 
and NT-proBNP can be used for the diagnosis of heart 
failure, but there are important differences between the 
two tests, particularly regarding influence of age and 
renal function (1). In addition to glomerular filtration, 
BNP is eliminated from plasma mainly through natri- 
uretic peptide receptors and degraded by neutral en- 
dopeptidases (7-9). In contrast, NT-proBNP possibly is 
largely eliminated by glomerular filtration only (4). This 
explains the strong influence of renal function on NT- 
proBNP concentrations. Because of the normal decrease in 
glomerular filtration rate with increasing age, the diag- 
nostic cutoff for NT-proBNP depends on age (1). This is 
also true for BNP (10), but to a much lesser extent. 
Importantly, both BNP and NT-proBNP concentrations 
can be increased in the setting of hemodialysis (11-14). 
The prevalence of chronic heart failure is significantly 
increased in dialysis patients and is associated with left 
ventricular hypertrophy, which may be secondary to 
volume overload and hypertension (15-17). Reports on 
the effect of hemodialysis on plasma concentrations of 
BNP and NT-proBNP showed significant decreases in 
BNP (11, 14, 18) and significant increases in NT-proBNP 
(11). This different behavior was explained (11) by both 
the different sizes of BNP (3.5 kDa) and NT-proBNP (8.5 
kDa) and their different half-lives [~20 min (19) and 
60-120 min (20, 21), respectively]. The decrease in BNP 
plasma concentrations could be attributable to reduced 
production/secretion of BNP caused by a reduction in 
plasma volume, elimination by dialysis, or both of these 
factors (1, 11). 
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In this study we investigated the effect of the dialysis 
procedure on BNP concentrations by hemodialysis, mea- 
suring BNP (ADVIA BNP assay; Bayer) and NT-proBNP 
(Elecsys proBNP; Roche Diagnostics). To address the 
unanswered question of elimination, we measured the 
concentrations in both plasma and, for the first time 
reported, in the corresponding dialysis fluid. Although 
these assays have not been validated for dialysis fluid, the 
results can be used to compare the relative effects of 
different membranes. Pre- and postdialysis samples 
(EDTA plasma) were drawn from 17 chronic hemodialy- 
sis patients [11 men and 6 women; mean (SD) age, 72.3 
(6.2) years; mean (SD) duration of hemodialysis treat- 
ment, 5.6 (2.9) years]. Patients were treated with the 
Genius Therapy System (Fresenius Medical Care) and 
assigned to either low-flux (Polyflux 14 L; Gambro) or 
high-flux membranes (F 60 S; Fresenius Medical Care). 
The term high-flux membrane refers to a membrane with 
a high ultrafiltration rate. Because high-flux membranes 
tend to have larger pores, clearance of mid-molecular- 
weight molecules is usually higher than with low-flux 
membranes. Aliquots of the dialysis fluid were collected 
in EDTA-containing tubes for plasma preparation. The 
mean (SD) duration of dialysis was 4.4 (0.5) h, and the 
mean volume of the ultrafiltration was 2.6 (0.9) L. All 
samples were centrifuged immediately and stored at 
—20 °C, and all were analyzed at the same time. Post- 
dialysis samples were adjusted for volume changes by use 
of the hematocrit. 

All patients (n = 17) showed increased mean (SE) 
concentrations for BNP [738 (120) ng/L] and NT-proBNP 
[25 366 (9062) ng/L] in predialysis specimens. Even the 
postdialysis concentrations of both BNP [555 (159) ng/L] 
and NT-proBNP [24 933 (9828) ng/L] were increased. The 
approved cutoffs for the diagnosis of heart failure in 
non-renal-decreased populations (1) are 100 ng/L for 
BNP, and 125 ng/L (age <75 years) and 450 ng/L (age 
275 years) for NT-proBNP. Hemodialysis caused mean 
(SE) decreases of 21.6 (7.1)% for BNP and 10.1 (4.3)% for 
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NT-proBNP (n = 17). The mean BNP decrease in the 
group of patients treated with the low-flux membrane 
(n = 4) was 18.5 (1.9)% compared with 22.5 (9.4)% in the 
group treated with the high-flux membrane (n = 13). 
Whereas treatment with the high-flux membrane also 
caused a decrease in NT-proBNP of 18.4 (2.3)%, treatment 
with the low-flux membrane led to an increase in NT- 
proBNP of 16.8 (4.9)%. Moreover, each patient treated 
with the low-flux membrane showed this increase in 
NT-proBNP plasma concentration after hemodialysis 
(Fig. 1), but none of the patients treated with the high-flux 
membrane showed this postdialysis increase. With the 
exception of two patients (both treated with the high-flux 
membrane), all patients had decreased BNP concentra- 
tions after hemodialysis (Fig. 1). One of the two patients 
mentioned above had the lowest predialysis BNP value 
(92 ng/L). The other patient was the only one with no 
change in blood volume, as estimated by a hematocrit of 
0.35 before and after dialysis. The length of hemodialysis 
treatment (4 h) for these two patients was within the 
range for all other patients, as was the ultrafiltrate volume 
(2.2 L). Without these two cases, the mean decrease of 21.6 
(7.1)% for BNP becomes 30.2 (5.8)% for all patients, and 
for the patients treated with the high-flux membrane (n = 
11), it changes from 22.5 (8.1)% to 34.5 (5.5)%. 

Natriuretic peptide concentrations in the combined 
dialysis and ultrafiltrate fluid were 13-183 ng/L (median, 
25 g/L) for BNP and 75-846 ng/L (median, 223 ng/L) for 
NT-proBNP. Mass balances were calculated as the prod- 
uct of these concentrations and the total volume (dialysis 
fluid and ultrafiltrate). The mean (SE) mass balance for 
BNP was 3282 (871) ng with higher values for the group 
treated with the high-flux membrane [3603 (1106) ng] 
compared with the group treated with the low-flux mem- 
brane [2238 (900) ng]. The total amount of NT-proBNP 
eliminated showed a mean mass balance of 40 382 (14 809) 
ng with higher values for the group treated with the 
high-flux membrane [49 910 (18 674) ng] compared with 
the group treated with the low-flux membrane [9416 
(4416) ng]. 

Recently, Clerico and Emdin (22) published a review on 
the diagnostic accuracy and prognostic relevance of the 
measurement of cardiac natriuretic peptides. They 
pointed out the conflicting results of the few studies 
published for the clinical relevance of these assays in 
patients with renal failure. In our study, we therefore 
investigated the effect of the dialysis procedure on con- 
centrations of BNP and NT-proBNP in hemodialysis pa- 
tients. Both BNP and NT-proBNP are clearly increased in 
plasma from hemodialysis patients, with much higher 
concentrations for NT-proBNP, causing a mean (SE) NT- 
proBNP:BNP ratio of 28.0 (4.4). After hemodialysis, this 
ratio increased to a mean value of 36.0 (6.8). The mean 
NT-proBNP:BNP ratio in ambulatory patients with heart 
failure was reported to be 8.53 (0.33) (23), but we must 
emphasize that in the case of dialysis with low-flux 
membranes, where we observed an increase in plasma 
NT-proBNP, there is still elimination of NT-proBNP by 
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hemodialysis, as was demonstrated by the results ob- 
tained for the dialysis fluid. 

Both BNP and NT-proBNP are eliminated during he- 
modialysis, but they show different behaviors depending 
on the chosen dialysis membrane. BNP is cleared by both 
high- and low-flux membranes, with high-flux mem- 
branes giving higher clearance (mass balance) and reduc- 
tion rates. NT-proBNP has clearance and reduction rates 
similar to BNP when high-flux membranes are used but 
very low clearance with low-flux membranes, leading to 
an increase in postdialysis plasma concentrations. This 
may be explained in part by the different molecular 
masses of BNP (3.5 kDa) and NT-proBNP (8.5 kDa). Both 
BNP and NT-proBNP seem to be released into the circu- 
lation during the hemodialysis session as shown by 
increasing postdialysis plasma concentrations in spite of 
demonstrated clearance. In contrast to NT-proBNP, circu- 
lating plasma BNP concentrations seem to be affected by 
acute intradialytic events. Additional studies are needed 
to test the influence of dialysis treatment on plasma 
concentrations of BNP and NT-proBNP and to elucidate 
the interdependence of the production, release, and elim- 
ination of these peptides in dialysis treatment. 


We thank B. Scheckel, A. Honig, S. Geis, and B. Metzler 
for excellent technical assistance. 
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(‘King Car Food Industrial Co., Yuan-Shan Research 
Institute, Taiwan, Republic of China; ? Department of 
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Congenital adrenal hyperplasia (CAH) is a common au- 
tosomal recessive disorder caused mainly by defects in 
the steroid 21-hydroxylase gene (CYP21). The defective 
CYP21 genes in CAH fall into one of three categories: (a) 
small-scale conversions from CYP21P; (b) spontaneous 
mutations; and (c) chimeric RCCX modules that include 
the chimeric CYP21P/CYP21 gene (1) and the chimeric 
TNXA/TNXB gene (2—4). The RCCX module in chromo- 
some 6p21.3 of the human MHC class III region is 
composed of a part of the RP gene (serine/threonine 
nuclear protein kinase) (5), a full-complement C4 gene, a 
full CYP21(P) gene, and a portion of the TNX gene (6, 7). 
The C4 protein is coded by two genes, C4A and C4B. The 
occurrence of a long (20.4 kb) or short (14.1 kb) C4 gene is 
attributable to the presence of an endogenous retroviral 
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sequence (6.7 kb), namely HERV-K (C4), in intron 9 (8). 
The TNX gene contains XA (TNXA) and TNXB. TNXB, in 
the downstream CYP21 gene, is partially duplicated in the 
downstream CYP21P gene, where a truncated gene is 
termed TNXA. Both TNXA and TNXB are transcribed on 
the opposite strand. There are two RP genes, RP1 and 
RP2. The RP2 gene is truncated and corresponds to RP1 
adjacent to TNXA. These genes are arranged in the 
RP1-C4A-CYP21P-XA-RP2-C4B-CYP21-TNXB_ gene se- 
quence and are designated as the bimodule of RCCX (Fig. 
1A). 

The bimodule is composed of a long module including 
part of RP1, C4A (long), CYP21P, and TNXA, and a short 
module containing RP2, C4B (short), CYP21, and part of 
the TNXB gene (2) (Fig. 1A). In Caucasians, the RCCX 
module has three possible forms: monomodule, bimod- 
ule, and trimodule; the bimodular form is the most 
frequently occurring form (9). To date, 75 different CYP21 
mutations have been reported (10). Approximately 70% of 
cases of CYP21 mutations, including 15 mutations 
(10,11), have been attributed to the intergenic recombi- 
nation of DNA sequences from the highly homologous 
CYP21P pseudogene. The other 60 mutations (in ~10% of 
cases) are spontaneous. On the other hand, gross gene 
deletions of the ~30-kb genome, which leave behind the 
C4A and a single CYP21A-like gene, have been reported to 
occur in 20% of alleles in patients with CAH involving a 
21-hydroxylase deficiency (12). Obviously, this kind of 
deletion (and/or conversion) is caused by loss of the 
-XA-RP2-C4B- gene array between these two RCCX mod- 
ules. However, from recent studies, the consequence of 
such a gene deletion produces at least two different 
features of gene arrangement. One of them presents a 
-C4A-CYP21P/CYP21-TNXB gene array, which produces 
four kinds of chimeric CYP21P/CYP21 genes (1,13), 
whereas the other presents a -C4A-CYP21P-TNXA/TNXB 
array, which contains two kinds of chimeric TNXA/TNXB 
genes (2, 4). 

Identification of such a 30-kb gross gene deletion 
(and/or conversion) in the RCCX region has traditionally 
required the Southern blot method with multiple isotope- 
labeled probes and separate restriction endonuclease di- 
gestion (14); Tag] generates 3.7- (functional) and 3.2-kb 
(pseudogene) fragments, whereas 2.5- (functional) and 
2.0-kb (pseudogene) fragments are produced by double 
digestion with BeglII/EcoRI. Although a nonisotopic 
Southern method has been used (15), the blocking proce- 
dure is still laborious. Furthermore, a heterozygous allele 
for the deleted CYP21 gene cannot be detected in the 
presence of a wild-type allele, and the results may be hard 
to interpret without a family study. It is possible that an 
allele with the trimodule CYP21P-XA-RP2-C4B-CY P21P- 
XA-RP2-C4B-CYP21-TNXB may interfere with identifica- 
tion of a bimodule with the XA-RP2-C4B- deletion. In 
such cases, densitometric screening of fragments is prone 
to errors and may produce a discordant diagnosis. 

To circumvent these problems, we developed a long 
PCR product with allele-specific primers covering the 5’ 
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——- Telomere Chr, 6p21.3 Centromere —— > 
120 110 100 90 80 70 60 50 0 kb 
RPI CYP2IP XA_ C4 CYP2 
pal C4A ag C48 1 TNXB 


RCCX module (long) RCCX module (short) 


B Taq I EcoR I/Bgl II 


a Uy 1 
kb mk c N/N N/M M/M mk N/N N/M M/M 


1.0— 


Lane C: 


11 357 bp 
1: 3.7 kb 


D213) 
3325 


Fig. 1. Bimodular form (RP1-C4A-CYP21P-XA-RP2-C4B-C YP21-TNXB) of 
the RCCX region of chromosome (Chr.) 6p21.3 (A), and analysis of the 
11 357-bp PCR product digested with different restriction enzymes on 
a 0.8% agarose gel (B). 


(A), represents the structure of the wild-type gene, whereas ll represents a 
nonfunctional gene (CYP21P, XA, and RP2 genes) or a different functional gene 
(C4A). The sizes of the genes (ATG>TGA), including RP1, C4A, CYP21P, XA, RP2, 
C4B, CYP21, and TNXB, in the RCCX module are based on the sequence of 
GenBank accession nos. ALO49547 and AFO19413. The presence of C4A [long 
gene (20.4 kb)] or C4B [short gene (14.1 kb)] depends on the presence of the 
endogenous 6.7-kb retroviral sequence HERV-K (C4) in intron 9. The bimodular 
form in the C4-CYP21 area, consisting of long and short RCCX modules, is also 
shown. Solid arrows indicate the orientation of the transcription, and dashed 
arrows indicate the locations of the primers for PCR amplification. A 120-bp 
deletion in exon 36 of the TNXA gene is marked with an *. (Top), scale in kb, with 
the TNXB gene starting at O. (Bottom), Southern blot analysis of Taql and 
EcoR\/Bgill restriction fragments in the C4-CYP21 area. (B), lane c, 11 357-bp 
PCR product from a wild-type individual amplified with the paired primers 
5-ENF/Tena30exF; lanes 1-3, after Taql digestion; lanes 4-6, after double 
digestion with Bgill/EcoR|; lane mk, 2-log DNA ladder marker (New England 
BioLabs). N, wild-type allele; M, allele with a 30-kb deletion of -XA-RP2-C4B- in the 
bimodule of the RCCX region. 
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end of the CYP21P and/or the CYP21 and TNXB genes 
(Fig. 1A). The PCR product was subjected to TagI and 
Beglll/EcoRI digestions and analyzed by electrophoresis 
on an agarose gel. The samples used in development of 
the protocol were from two known CAH families. Both 
families provided informed consent. 

For PCR amplification, genomic DNA, 2.0 U of Taq/ 
Pow DNA polymerase (Expand Long Template PCR 
System; Roche Diagnostics), primers (10 pmol each), 
deoxynucleotide triphosphates (250 uM each), and 10x 
PCR buffer (commercially supplied) were used for PCR 
amplification in an 80-wL reaction. The primers 
Tena30exF (5'-TGACAGATGCGACCCCTGACT-3'; nu- 
cleotides 77113~771331; GenBank accession no. 
AL049547) and 5-ENF (5'-CTCCATGCACCTCACT- 
GTCTT-3’; nucleotides 88470~88450; GenBank accession 
no. AL049547; Fig. 1A) were used for amplification of the 
11 357-bp PCR product (Fig. 1B, lane c) covering the 5’ 
end of nucleotide —1810 of the CYP21 gene and/or 
CYP21P and the TNXB gene of exon 31. According to 
GenBank (accession nos. AL0495470 and AF019413) and 
past studies (16,17), these two primers are specific for 
these two loci, and no polymorphic site exists. 

From analysis of the 11.3-kb PCR product of Taql 
digestion (Fig. 1B, lane c), we found a 3.7-kb fragment 
possessing the functional CYP21 gene and a 2.5-kb frag- 
ment containing a product of exon 45 to intron 36 of the 
TNXA and TNXB genes (1) in an apparently healthy 
individual (Fig. 1B, lane 1). A sample from carrier with a 
30-kb deletion in one allele gave 3.7-, 2.5-, and 3.2-kb 
fragments (CYP21P; Fig. 1B, lane 2), whereas a sample 
from a CAH patient with two alleles containing a 30-kb 
deletion gave only 3.2- and 2.5-kb fragments (Fig. 1B, lane 
3). After BglII/EcoRI double digestion, the sample from 
the healthy individual (Fig. 1B, lane 4) gave 8.1- (TNXB) 
and 2.6-kb fragments (the CYP21 gene, more commonly 
shown in the literature as being 2.5 kb long), whereas the 
sample from the carrier (Fig. 1B, lane 5) gave 8.1-, 2.6-, and 
2.1-kb fragments (CYP21P, more commonly shown in the 
literature as being 2.0 kb long), and the sample from the 
patient (Fig. 1B, lane 6) gave the 8.1- and 2.1-kb fragments, 
but not the 2.6-kb fragment. Production of a 3.2-kb 
fragment by TagI digestion (Fig. 1B, lane 2) and a 2.1-kb 
fragment by BglII/EcoRI double digestion (Fig. 1B, lane 5) 
resulted from the 5’-end sequence of CYP21 being re- 
placed by a CYP21P-like sequence, which was caused by 
a 30-kb deletion of the -XA-RP2-C4B gene locus (Fig. 1A). 
In addition, the absence of the 3.7-kb fragment after Taql 
digestion (Fig. 1B, lane 3) and of the 2.6-kb fragment after 
Bglll/EcoRI double digestion (Fig. 1B, lane 6) indicated 
that neither allele in the CAH patient carried the func- 
tional CYP21 gene, whereas they both carried the 
CYP21P-like gene. Obviously, most fragments produced 
by digestion with these restriction enzymes in the PCR 
product analysis (Fig. 1B) were also revealed by the 
conventional Southern blot analysis (Fig. 1A, bottom). 

The allele with the heterozygous carrier defect in the 
single case (Fig. 1B, lane 2) could be directly verified by 
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Table 1. Frequency of the CYP21 gene with the 3.2-kb Taql 
fragment in ethnic Chinese CAH patients. 


Chromosomes 
CYP221 with the 3.2-kb Taq I-produced fragment n % 
IVS2 —12A/C>G combined with 24 77 
707-714delGAGACTAC mutation 
Chimeric CYP21P/CYP21 6? 19 
CYP21 deletion Lt 3 
Total 31 


@ These six chromosomes include one with CH-1, two with CH-2, and three with 
CH-3. The designations CH-1, CH-2, and CH-3 are based on the studies of Lee et 
al. (1). 


the restriction fragments. It is sufficient that the 3.2-kb 
fragment produced by TaqI analysis (Fig. 1B, lane 2) was 
used to verify deletion of the -XA-RP2-C4B gene locus in 
the RCCX region. It should be noted that the 2.5-kb 
fragment produced by Tagl may be replaced by a 2.4-kb 
fragment the case of the chimeric TNXA/TNXB (2), in 
which TNXB is replaced by TNXA, which extends to exon 
36 beyond the 120-bp boundary. We therefore suggest 
that the use of TagI for restriction enzyme digestion may 
produce a satisfactory result for diagnosing a 30-kb gross 
gene deletion (and/or gene conversion) in CAH. The use 
of EcoRI/BglII double digestion does not seem to be 
absolutely necessary. 

We also used PCR amplification products and amplifi- 
cation-created restriction site analysis (18) to analyze 
samples from 31 ethnic Chinese (ie., Taiwanese; Table 1) 
CAH families with one chromosome carrying the 3.2-kb 
fragment produced by Taq I digestion. Members of 6 of 
these 31 (19%) CAH families carried the chimeric CYP21P/ 
CYP21 gene (19), and members of 24 families (77%) 
carried the mutations [VS2 —12A/C>G and 707-714del- 
GAGACTAC (20), whereas only 1 CAH family (3%) 
carried a CYP21 deletion (4). Hence, we concluded that 
the 30-kb gene deletion producing the 3.2-kb fragment by 
TagI digestion shows diversity and that mutations of IVS2 
—12A/C>G combined with 707-714delIGAGACTAC 
among the three CYP21 haplotypes are abundant and may 
be the most prevalent ones in ethnic Chinese CAH pa- 
tients. 

Our results indicate that PCR product analysis can 
reveal the continuity and entirety of fragments of ana- 
lyzed gene loci and that these do not require densitometry 
for identification of the gene copy number or the use of 
family studies for interpreting the heterozygous defective 
allele. This procedure is saves time and is convenient and 
practical for the routine laboratory diagnosis of CAH 
patients. 


The two CAH families that provided samples for demon- 
stration of the PCR protocol were referred by Dr. Y.J. Lee 
from the Department of Pediatrics, Mackay Memorial 
Hospital, Taipei. This work was supported by the King 


Car Research Foundation from the King Car Food Indus- 
trial Co., Taiwan, Republic of China. 
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Optimum Collection and Storage Conditions for Ghre- 
lin Measurements: Octanoyl Modification of Ghrelin Is 
Rapidly Hydrolyzed to Desacyl Ghrelin in Blood Sam- 
ples, Hiroshi Hosoda,’° Kentaro Doi,’ Noritoshi Nagaya,? 
Hiroyuki Okumura,* Eiichiro Nakagawa,’ Mitsunobu Eno- 
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Ghrelin is an acylated peptide with growth-hormone- 
releasing activity (1). It was first isolated from rat and 
human stomach during the search for an endogenous 
ligand to the “orphan” G-protein-coupled receptor, 
growth hormone secretagogue receptor (2). The peptide 
contains 28 amino acids, and n-octanoylation of the Ser-3 
hydroxyl group is necessary for biological activity. Most 
studies have focused on the somatotropic and orexigenic 
roles of ghrelin; therefore, little is known about the 
kinetics of this peptide. Because the ester bond is both 
chemically and enzymatically unstable, elimination of the 
octanoyl modification of ghrelin can occur during storage, 
handling, and/or dissolution in culture medium (3). 
Because of increased interest in ghrelin measurements, a 
standardized method of sample collection is required. 

In the present study, which focused on the active form 
of ghrelin, we investigated the effects of anticoagulants 
and storage conditions on ghrelin stability. To distinguish 
the active form of ghrelin, we established two ghrelin- 
specific RIAs; N-RIA recognizes the N-terminal, octanoyl- 
modified portion of the peptide, whereas C-RIA recog- 
nizes the C-terminal portion. Thus, the value determined 
by N-RIA specifically measures active ghrelin, whereas 
the value determined by C-RIA gives the total ghrelin 
immunoreactivity, including both active and desacyl 
ghrelin (4-6). The minimum detectable quantities in the 
N- and C-RIAs were 5.0 and 50 pmol/L, respectively. The 
respective intra- and interassay CV were 3% and 6% for 
the N-RIA and 6% and 9% for the C-RIA (n = 8 assays). 
Data are reported as the mean (SD). Comparisons of the 
time course of ghrelin concentrations between subgroups 
were made by two-way ANOVA for repeated measures, 
followed by the Scheffé test. P <0.05 was considered 
statistically significant. 

All blood samples were taken from three healthy male 
volunteers who gave written informed consent. Blood 
was taken from the forearm vein and immediately di- 
vided into tubes for serum and plasma preparation using 
(a) disodium EDTA (1 g/L) with aprotinin (500 000 kIU/ 
L), (b) disodium EDTA alone, (c) heparin sodium, or (d) no 
anticoagulant. Synthetic human ghrelin was added to 
each blood sample at a final concentration of 40 ug/L; 
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each sample was then sequentially divided into two 
aliquots for incubation at either 4 or 37 °C. After incuba- 
tion for 0, 30, and 60 min, blood samples were centri- 
fuged, diluted 1:200 in RIA buffer, and subjected to 
ghrelin-specific RIAs. A comparison of the effects of 
different anticoagulants on the detected ghrelin concen- 
trations is shown in Table 1A. Although the serum and 
three different plasma samples tested gave comparable 
results for total ghrelin by C-RIA, the N-RIA gave ghrelin 
concentrations that were significantly decreased at 37 °C. 
When the ghrelin was measured by N-RIA, serum sam- 
ples were highly affected by such treatment; samples 
stored for 60 min at 37°C lost ~35% of the ghrelin 
compared with the basal values at 0 min (P <0.05). The 
ghrelin concentrations in samples containing heparin as 
an anticoagulant were also significantly decreased (P 
<0.05). When EDTA-aprotinin was used as the anticoag- 
ulant for plasma treatment, the decreases in ghrelin 
stability were smaller than for other procedures. Storage 
at 4 °C also improved ghrelin stability. 

To explore optimum storage conditions, we examined 
the effect of plasma pH on ghrelin stability. The EDTA- 
aprotinin-treated plasma (n = 3) was divided into five 
samples; the pH was then adjusted to 3, 4, 5, 6, or 7.4 with 
1 mol/L HCl. Synthetic human ghrelin was then added to 
each sample aliquot at a final concentration of 75 wg/L. 
Each of the five plasma aliquots was then subdivided into 
two, with one stored at 4 °C and the other stored at 37 °C. 
The effects of acidification on ghrelin stability in plasma 
are summarized in Table 1B. When stored at 37 °C, 
ghrelin concentrations measured by N-RIA gradually 
decreased at all pH values tested. However, ghrelin was 
most stable in highly acidified plasma samples (pH 3-4). 
At pH 3-5 and a storage temperature of 4 °C, the stability 
of ghrelin in plasma did not change significantly over a 
6-h period. By C-RIA, ghrelin concentrations remained 
stable across the different pH and storage temperature 
conditions. 

We then evaluated the effects of repeated freezing and 
thawing on the stability of ghrelin. EDTA-aprotinin- 
treated plasma samples were divided into two pH groups; 
one was acidified to pH 4, whereas the other was not 
acidified (pH 7.4). After the addition of synthetic human 
ghrelin (75 ug/L), we subjected the samples to four 
freeze-thaw cycles. Repeated freezing and thawing also 
influenced ghrelin stability (Table 1C). As in the N-RIA, 
ghrelin concentrations in untreated plasma samples de- 
creased significantly with each successive freeze-thaw 
cycle, whereas the ghrelin remained relatively stable after 
acidification. Ghrelin concentrations by C-RIA were un- 
changed despite repeated freeze-thaw treatments in both 
acidified and untreated plasma samples. 

As well as differences in assay methodologies, differ- 
ences in sample handling, such as the method of storage, 
effects of anticoagulants, or previous freezing and thaw- 
ing of the samples, could influence the reported values 
(7-10). Instability of peptides and proteins can be divided 
into two forms: chemical and physical instability (11, 12). 
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Table 1. Effect of anticoagulants and storage conditions on ghrelin stability.7 


A. Ghrelin measurements in serum and different plasma samples 


Mean (SD) percentage of baseline 


C-RIA N-RIA 
0 min 30 min 60 min 0 min 30 min 60 min 
EDTA-aprotinin 37°C 100.0 (6.2) 101.0 (4.4 102.9 (10.4) 100.0 (9.1) 102.6 (5.1) 89.6 (1.8) 
4°c 100.4 (4.0 101.1 (4.5) 97.4 (1.3) 99.9 (12.3) 
EDTA 37°C 100.0 (7.4) 98.5 (5.4 98.4 (3.8) 100.0 (3.7) 83.6 (9.9) 85.3 (3.3) 
4°Cc 98.2 (2.6 98.6 (7.6) 96.5 (1.8) 88.3 (6.5) 
Heparin 37°C 100.0 (10.0) 104.3 (6.6 91.1 (13.1) 100.0 (5.0) 88.1 (2.3) 77.4 (2.2)? 
4°Cc 104.4 (6.2 102.1 (12.2) 92.5 (0.8) 86.9 (4.3) 
Serum 37°C 100.0 (9.9) 100.4 (10.3) 98.2 (11.8) 100.0 (10.9) 87.5 (1.3) 65.1 (6.9)? 
4°C 96.2 (7.1 98.4 (8.7) 96.5 (0.8) 94.6 (7.4) 
B. Effects of storage pH, duration, and temperature on ghrelin stability 
Mean (SD) percentage of baseline 
pH Oh ih 2h 3h 4h 6h 
C-RIA RT TS 100.0 (6.6) 95.7 (5.0) 95.5 (6.3) 98.5 (5.4) 102.1 (6.5) 
6 100.0 (5.2) 96.0 (5.3) 91.3 (8.2) 96.6 (6.1) 97.9 (4.6) 
5 100.0 (6.1) 101.9 (8.2) 99.0 (6.0) 100.3 (8.4) 104.1 (5.2) 
4 100.0 (9.2) 96.0 (6.4) 98.0 (3.5) 100.2 (2.9) 97.1 (3.4) 
3 100.0 (2.2) 96.1 (4.9) 95.6 (4.7) 95.2 (2.7) 89.8 (3.9) 
4°C G5 100.0 (2.0) 100.9 (8.3) 99.3 (3.3) 
6 100.0 (3.6) 95.1 (4.1) 98.1 (1.8) 
5 100.0 (4.0) 101.2 (7.8) 105.9 (5.1) 
4 100.0 (7.1) 99.1 (3.3) 99.1 (4.1) 
3 100.0 (4.2) 99.4 (1.7) 101.3 (5.0) 
N-RIA RT tS 100.0 (5.0) 81.8 (1.0)° 72.0 (3.1)9 50.6 (2.9)% 37.5 (2.6)% 
6 100.0 (8.8) 93.3 (5.7) 78.8 (2.7)° 54.7 (1.2)% 38.8 (2.9)% 
5 100.0 (12.8) 92.8 (4.1) 86.4 (2.2) 74.1 (3.8)? 59.2 (7.6)° 
4 100.0 (12.5) 94.5 (7.4) 90.8 (5.2) 78.8 (3.1)? 74.0 (9.8)° 
3 100.0 (6.0) 98.4 (1.9) 96.9 (0.9) 82.2 (2.4)? 76.4 (6.1)° 
4°C LD 100.0 (6.9) 66.5 (4.4) 40.4 (3.5)? 
6 100.0 (6.1) 96.3 (0.2) 83.0 (1.2)? 
5 100.0 (5.5) 103.2 (2.0) 87.7 (11.7) 
4 100.0 (0.8) 102.2 (0.4) 99.6 (5.7) 
3 100.0 (12.8) 105.8 (0.3) 103.5 (1.6) 
C. Effects of repeated freeze-thaw cycles on plasma ghrelin stability 
Cycles 
1 2 3 4 5 
C-RIA HCI (—) 100.0 (8.8) 94.7 (7. 92.8 (6.6) 95.5 (5.1) 91.2 (7.3) 
HCI (+) 100.0 (5.2) 96.0 (5. 91.3 (8.2) 96.6 (6.1) 97.9 (4.6) 
N-RIA HCI (—) 100.0 (4.0) 89.8 (2. 59.9 (6.3)% 28.1 (5.2)% 14.5 (3.3)% 
HCI (+) 100.0 (4.3) 94.1 (4. 94.4 (5.7) 95.4 (4.2) 93.8 (7.0) 


* Results are for triplicate measurements. Values measured at O min, O h, or zero cycles are the baseline values. 


’-d Compared with baseline: ° P <0.05; ° P <0.01; 4 P <0.001. 


The chemical degradation of peptides is influenced by the 
pH of the aqueous solution; human parathyroid hormone 
and luteinizing-hormone-releasing hormone derivatives 
are examples (13-15). We demonstrated that in whole 
blood and plasma, ghrelin is unstable. The degradation of 
octanoylated ghrelin was shown to be attributable to 
hydrolysis to desacyl ghrelin (see Fig. 1 in the Data 
Supplement that accompanies the online version of this 


Technical Brief at http://www.clinchem.org/content/ 
vol50/issue6/). Acidification is a simple, reliable proce- 
dure that protected against degradation of the acylated 
modification and dramatically improved stability at pH 4. 
On the other hand, the stability of the octanoyl modifica- 
tion of ghrelin was markedly decreased in strongly acidic 
(below pH 2), neutral, and alkaline solutions (data not 
shown). 
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We evaluated the effectiveness of measuring active 
ghrelin compared with total ghrelin in response to oral 
glucose tolerance tests (OGTTs). Four healthy male vol- 
unteers (age range, 28-35 years; body mass index, 21.5- 
23.7 kg/m) were examined on 2 separate days (100 g of 
glucose administered on 1 day, and 50 g of glucose 
administered on the other day) at least 2 weeks apart in a 
randomized, crossover study. After the volunteers fasted 
overnight, 50 or 100 g of glucose was administered orally 
between 0930-1000. Blood samples were obtained at 0, 1, 
2, 3, and 4 h after glucose ingestion. To each plasma 
sample was added 1 mol/L HCI (10% of plasma volume), 
which acidified the sample to pH ~4; samples were then 
treated with Sep-Pak Cj, cartridges for ghrelin RIAs. After 
glucose ingestion, the mean plasma ghrelin concentra- 
tions as determined by N-RIA and C-RIA decreased to a 
nadir at 1 h (Fig. 1). At this point, 60.3% and 73.0% of the 
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Fig. 1. Plasma ghrelin response to 50-g (O) and 100-g (@) OGTTs in 
four healthy individuals. 

Plasma ghrelin concentrations assayed by N-RIA (A) and C-RIA (B) are given as 
the mean (SD; error bars) percentage change from basal values. *, P <0.05 
compared with basal values; **, P <0.05 for difference in plasma ghrelin 
between 50-g and 100-g glucose loads. 
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basal concentration was detected by the N-RIA and C- 
RIA, respectively, after the 100-g OGTT, and 64.2% and 
78.7% of the basal concentration was detected after the 
50-g OGTT. Plasma ghrelin values increased thereafter, 
although plasma ghrelin concentrations measured by the 
C-RIA were significantly lower for up to 2 h after the 
100-g glucose load. The N-RIA for ghrelin could detect 
differences in the changes in ghrelin concentrations be- 
tween the 50-g and 100-g OGTTs at 3 h. The ghrelin values 
observed with the C-RIA exhibited changes similar those 
in the N-RIA, but the changes were small and delayed. 
These effects may be attributable to the differential rates 
of metabolic turnover for octanoylated and desacylated 
ghrelin in circulating blood (see Fig. 2 in the online Date 
Supplement). 

The results for the plasma ghrelin response to the 
OGTTs show that measuring the concentration of active 
ghrelin is useful for studying plasma ghrelin changes over 
short time periods. Plasma concentrations of active ghre- 
lin changed more rapidly and dynamically than those of 
total ghrelin immunoreactivity. Fasting led to markedly 
increased plasma ghrelin values as measured by N-RIA, 
and the values decreased in a clearer dose-dependent 
manner in rats after glucose injection compared with 
those measured by C-RIA (16). The proportion of active 
ghrelin in plasma was 2-5% of total ghrelin in rodents. In 
this study, the quantity of active ghrelin was ~10% of the 
total ghrelin in human plasma (data not shown). These 
findings imply that inactive desacyl ghrelin circulates in 
the bloodstream at much higher concentrations than ac- 
tive ghrelin. Similar to previous studies in which ghrelin 
concentrations were measured by C-RIA (17), desacyl 
ghrelin is relatively stable, and its stability is not altered 
by different storage conditions. An analogous situation 
has been reported for the activity of pancreatic beta cells, 
which secrete insulin and C-peptide in a 1:1 molar ratio. 
However, the half-life of C-peptide is much longer than 
that of insulin, leaving more C-peptide available in the 
circulation for quantification (18,19). Measurement of 
C-peptide provides an assessment of B-cell secretory 
activity. Similarly, desacyl ghrelin concentrations may 
serve as an indicator of ghrelin secretory function (20). 

To acquire accurate data on ghrelin concentrations, this 
study recommends a standard procedure for the collec- 
tion of blood samples: (a) the collection of blood samples 
with EDTA-aprotinin is preferred; (b) blood samples 
should be chilled and centrifuged as soon as possible, at 
least within 30 min after collection; and (c) because 
acidification is the best method for the preservation of 
plasma ghrelin, 1 mol/L HCI (10% of sample volume) can 
be added to the plasma sample for adjustment to pH 4. 
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During the last decade, research and clinical use of 
real-time PCR applications has continued to grow in 
importance (1). Many laboratories that use real-time PCR 
with fluorescent probes experience an unexplained loss 
of probe fluorescence at some stage, in particular with 
pairs of fluorescence resonance energy transfer (FRET) 
probes. Photobleaching is often assumed to be the cause. 
Structural integrity of the oligonucleotides is also a major 
factor, and its loss has been shown to correlate with 
repeated freeze-thaw cycles (2). Laboratories guard 
against these two problems by aliquoting probes and 
protecting them from light. Despite these precautions, 
inexplicable FRET probe failures are still observed. In one 
recent such case, we were able to determine an additional 
mechanism for FRET probe failure: loss of the phosphate 
cap from the 3’ end of a probe. To our knowledge, this has 
not been described previously. Our studies revealed that 
this may be a common and important problem, intrinsic 
to 3’-phosphate-blocking chemistry. We also found that 
alternative terminating groups may be a preferable option 
to 3’-phosphate blocking. 

A 3-nmol/L synthesis-scale LightCycler™ hybridiza- 
tion probe set was purchased from Idaho Technology Inc. 
Biochem in April 2003. As is common practice, the man- 
ufacturer produced a large-scale synthesis and, after ship- 
ping our order, archived the remainder for a possible 
future reorder. The first half of the batch (a-probe set) was 
sent immediately, whereas the second half (6-probe set) 
was stored lyophilized for 6 months at —20 °C and then 
shipped with our next order. 

Oligonucleotides from the first shipment were used in 
PCR reactions in a LightCycler with satisfactory results. 
PCR conditions were as follows: 1x LightCycler FastStart 
DNA Master Hybridization Probe Mix (Roche Diagnos- 
tics), MgCl, (final concentration, 3.5 mM), 0.5 uM each of 
the forward (5'-GGCCTTTCTGAAGCAAG-3’) and re- 
verse (5'-GACGATTTCTTATTTCACAGCTCC-3’) prim- 
ers, 0.2 4M each of the donor (5’-GGACGCAGAGGG- 
GATGG-FITC-3’, where FITC is fluorescein isothiocyanate) 
and acceptor (LCRed640-GTGTATGGGACCCGCCAG- 
phosphate) probes, and 2 wL of cDNA template mixture. 
The final reaction volume was 10 wL. The reaction started 
with an initial melting step at 95 °C for 10 min followed by 
45 cycles of 95 °C for 2 s, 57 °C for 10 s, and 72 °C for 5s. 

Loss of fluorescence activity was first observed when 
we received the B-probe set. PCR reactions were carried 
out under the same conditions, but the amplification 
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curves displayed extremely low signal intensities relative 
to the a-probe set that was being replaced (Fig. 1A). We 
excluded photobleaching by measuring raw probe fluo- 
rescence. We then set up two additional PCR reactions, 
pairing each a-set of oligonucleotides with the corre- 
sponding B-set FRET partners. The loss of fluorescent 
activity corresponded with the B-set LCRed640 probe, 
whereas the a-set LCRed640 probe and the fluorescein 
donor probes from both the a- and f-sets were fully 
functional (Fig. 1A). 

Agarose gel electrophoresis demonstrated a diminished 
target band at 389 bp as well as a strong additional band 
between the 50- and 150-bp size markers in the reaction 
that contained the suspect B-set LCRed640 probe. The 
extra band in the B-probe reaction corresponded to the 
size of a PCR product that would have been formed if the 
B-probe had acted as a primer. Additional PCR reactions 
were run to explore this possibility, including the use of 
an unlabeled primer identical in sequence to the 
LCRed640 probe, which confirmed our hypothesis (Fig. 
1B). Finally, we excised the low-molecular-weight band in 
the B-probe reaction from the gel and sequenced it, using 
the reverse PCR primer as a sequencing primer. The DNA 
fragment had the sequence predicted if the fB-set 
LCRed640 probe had acted as a PCR primer, including the 
full acceptor probe sequence, and terminated at its 5’ end 
(data not shown). 

In a typical FRET probe arrangement, it is critical that 
neither the donor nor the acceptor probe can be elongated 
during PCR. For the donor probe, the fluorescent dye at 
the 3’ end blocks PCR extension, whereas for the acceptor 
probe, a nonfluorescent blocking agent, typically a phos- 
phate group, is linked to the 3’ hydroxyl of the terminal 
base. If a blocking group is lost, then a probe can act as a 
PCR primer. Because of the shorter length of the PCR 
product formed by this aberrant priming and the higher 
melting temperature (T,,,) of the probes compared with 
the PCR primers, formation of these aberrant products 
will be greatly favored over the intended full-length 
target. If the blocking group is lost from the 3’ FRET 
probe, very few targets will be produced that contain 
sequences complementary to both the 5’ and the 3’ FRET 
probes; hence, little or no detection signal will be ob- 
served. Our results demonstrate that this has indeed 
happened and that extension has occurred from our 
acceptor probe, implying loss of its 3’-phosphate cap. 

We suspect that this is the cause of a significant 
proportion of FRET probe failures. When we evaluated an 
unrelated probe set that had suddenly and inexplicably 
failed and was also purchased in two batches (from 
Genset Oligos), we found a low-molecular-weight PCR 
product that was consistent with phosphate-cap loss from 
the 3’ probe (data not shown). We therefore decided to 
explore whether alternative 3’ capping moieties might be 
less susceptible to degradation. After exploring the avail- 
able chemistries and their costs, we selected a C3 carbon 
spacer (cat. no. 20-2913; Glen Research) as a blocker of 
potentially enhanced stability. A 72-base single-stranded 
template was designed and synthesized as a complement 
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Fig. 1. Amplification curves showing a loss of signal intensity in 
reactions containing the B-LCRed640 probe (A); electrophoresis of 
LightCycler PCR products (B); and negative derivative melting curve 
profiles of probe extension reactions of probe sets with differently 
3’-capped LCRed640 3’ probes (C). 


(B), lane 1, size markers; lane 2, a-probe set reaction; lane 3, B-probe set reaction; 
lane 4, PCR reaction run with B-LCRed640 probe and reverse primer only (the 
forward primer and the fluorescein probe were omitted); Jane 5, PCR reaction run 
with reverse primer together with a forward primer matching the B-LCRed640 probe 
sequence and omitting the original forward primer and all probes. The LCRed640 
probe appears to act as a primer, implying loss of 3’-capping phosphate. The slightly 
faster migration of the PCR product in /ane 5 reflects the absence of the LCRed640 
dye. (C), profiles were generated after week 8 of probe storage in water or Tris-EDTA 
(TE) at 4 °C. P, phosphate; C3, C3 carbon spacer. 
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for probe hybridization (5'-GICCCTTAAGTAACTAGA- 
ATAATGGAATTGGGCTCCTTATAATCAAGCACTCAT- 
AACAACATAATCATTGC-3'). Probes were then de- 
signed such that the donor fluorescein probe (5'- 
AATGATTATGTTIGTTATGAGTGCTTG-FITC-3’) — acted 
as the anchor with a T,, of 62 °C. Three LCRed640 probes 
were synthesized with identical sequences (5' LCRed640- 
TATAAGGAGCCCAATT-3’) and different 3’ termina- 
tions. The first had no cap and served as a positive 
control, the second had a standard phosphate cap, and the 
third was synthesized with a 3’ C3 carbon spacer. Each 
probe was stored in both water and Tris-EDTA (738 
mmol/L Tris-HCl, 0.5 mol/L EDTA, pH 8.3) at 4 and 
—20 °C. On a weekly basis, the probes were tested in a 
LightCycler in separate primer extension reactions fol- 
lowed by melting curve analysis, The 10-uL reactions 
contained (final concentrations) 1x PCR buffer (Idaho 
Technology Inc.), 4 mM MgCl,, 0.2 mM each of the 
deoxynucleotide triphosphates, 0.1 MU/L KlenTaqi™ 
(Ab Peptides, Inc.), and 0.2 wM each of the complemen- 
tary strand, LCRed640 probe, and fluorescein probe. The 
melting curve analysis conditions were 3-15 cycles of 
94 °C for denaturing and 50 °C for annealing, followed by 
melting from 35 to 85 °C. In this experiment, any loss of 3’ 
capping of the acceptor FRET probe will lead to probe 
extension. As the acceptor probe becomes extended, its T,, 
increases from 51°C to ~70 °C, making it the anchor for 
formation of a secondary peak at 62°C in the negative- 
derivative melting profiles (Fig. 1C). This secondary peak 
corresponds to the dissociation of the fluorescein donor 
probe. For every secondary peak found, we calculated the 
peak area and determined the percentage of signal in the 
secondary peak compared with the total signal. This 
percentage was used to estimate the amount of extended 
probe per reaction. 

At 4 °C, the 3’-phosphate terminus was unstable in both 
Tris-EDTA and water. By contrast, the three-carbon cap 
remained stable throughout all storage conditions tested. 
Even when stored at 4°C for 8 weeks, the C3 probe 
showed no indication of probe extension (Fig. 1C and 
Table 1). None of the oligonucleotides stored at —20 °C 
showed evidence of degradation during 8 weeks. How- 
ever, in circumstances in which different buffer systems 
are used and freeze-thaw cycles are more common, one 
might see a higher amount of phosphate cap degradation 
even at lower temperatures. 


Table 1. Percentage of 3’ LCRed640 probe extended for 
different 3’ caps, storage conditions, and storage intervals. 
Probe extension, % 


Storage solution 


3’ Cap (at 4 °C) Week 1 Week 4 Week 8 
None Water 100 100 100 
1X Tris-EDTA 100 100 100 
Phosphate Water 0 5 17 
1X Tris-EDTA 0 18 18 
C3 Water 0) 0 0 
1X Tris-EDTA 0 0 0 


Technical Briefs 


Many factors can induce cleavage of the 3’-phosphate 
ester bond, which is an intrinsically unstable bond, but 
most are likely to involve hydrolysis. Therefore, high 
salt concentrations and acidic or basic pH will probably 
play a major role (3). Oligonucleotide synthesis involves 
many chemicals, in particular ammonia compounds, that 
would fit this profile (4). Various postsynthesis purifica- 
tion methods are aimed at removing these substances, but 
on occasion, hydrolytic attack on reconstitution of the 
probe may occur as a result of even minor variations in 
lyophilization efficiency or pH of the chromatography 
eluent or as a result of residual salts trapped in the 
lyophilysate, e.g., as a consequence of an exhausted 
chromatography column. The fact that the loss of the 
phosphate cap seems to be slightly accelerated in Tris- 
EDTA might suggest that microbial contamination could 
also play a role. The organic matrix and the buffering 
conditions of Tris-EDTA may allow microorganisms to 
proliferate and produce catabolic enzymes. 

Because of the greater stability of a phosphodiester 
linkage, as used in the C3 linker, relative to a single 
phosphoester bond, it appears that all of these concerns 
can be alleviated by replacing the phosphate cap with an 
alkyl group via common phosphoramidite chemistries. In 
our case, we have demonstrated that the C3 linker is 
indeed an excellent choice for such a blocking agent, but 
alternatives may include other carbon spacers and 3’- 
terminal dideoxynucleotides, although the latter would 
add substantially to synthesis costs. Users interested in 
such alternatives should discuss availability with their 
oligonucleotide manufacturers. For probes with conven- 
tional 3'-phosphate caps, we would recommend frozen 
storage, ideally lyophilized, and minimization of any 
storage time at 4 °C or above, as well as any handling that 
might allow bacterial contamination. 
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Microsatellite instability (MSI) (1) is the consequence of a 
failure in the DNA replication proofreading mechanism. 
In two-thirds of colorectal cancer (CRC) patients with 
high-frequency MSI (H-MSI), the cause is an epigenetic 
hypermethylation of one of the mismatch repair (MMR) 
genes; in the remaining 30% [the hereditary non-polypo- 
sis colorectal cancer (HNPCC) subgroup], the cause is 
inherited mutations in these genes. Distinction between 
H-MSI and microsatellite-stable (MSS) CRC may also 
have prognostic and therapeutic implications (2, 3). 

The MSI test should be complemented with morpho- 
logic (4) and clinicopathologic evaluation, immunohisto- 
chemical (IHC) staining (5) (as manifested by absence of 
hMLH1 and/or hMSH2 antibody reactivity), and when 
indicated, screening and confirmation of MMR gene mu- 
tations. Direct sequencing, another viable diagnostic ap- 
proach, is limited by the complex nature of the genes, the 
broad mutational spectrum, and the cost (6). 

In the present study, we reviewed the MSI testing 
performed in our routine molecular diagnostic laboratory 
and correlated the findings with mutation analysis and 
IHC studies; we also propose the most cost-effective 
manner of diagnosing CRC and report the fidelity of 
tissue microarrays (TMAs) for high-throughput analysis 
of large tissue archives. 

Approximately 20% (29 tumors from 27 patients) of the 
131 MSI cases we analyzed underwent surgery in our 


CASE No 11 
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hospital; thus, samples for IHC studies and sequencing 
were available. CRC tissue and noncancerous colonic 
mucosa were manually microdissected, and DNA was 
extracted with the DNeasy'™ Tissue Kit (Qiagen GmbH). 
The microsatellite repeat sequences analyzed were Bat-25 
(4q12/c-kit), Bat-26 (2p16.3/hMSH2), D2S123 (2p16/ 
hMSH2), D5S346 (5q21/APC), and D17S250 (17q11.2/ 
BRCA1). The method (7) was modified from that of Berg 
et al. (8) and based on international recommendations 
(9,10). Individual PCR tubes were set up for each of the 
five markers, each tube containing ~50 ng (5 wL) of DNA 
extract from the healthy or tumor tissue; a PCR control 
[with B-globin primers (8)] and a water blank control 
were included. PCR was performed on an ABI PE9600 
thermocycler, and the amplified products were detected 
by use of the ABI PRISM® 310 Genetic Analyzer and 
GeneScan™ software [Applied Biosystems Incorporation 
(ABI)] (7). 

TMAs were constructed with double punches 1 mm in 
diameter from formalin-fixed, paraffin-embedded surgi- 
cal resection specimens (CRC and healthy colon tissue) of 
the 25 patients, as described previously (11). For IHC 
analysis, monoclonal antibodies against h-MLH1 and 
h-MLH2 (Ab-1 and Ab-2; Oncogene Research Products) at 
antibody dilutions of 1:10 and 1:50, respectively, were 
applied to 4-m-thick TMA sections, according to the 
manufacturer’s instructions. Cases with unequivocal nu- 
clear staining were considered positive. If no staining was 
noted in the internal control cells (the normal fibro- 
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Fig. 1. Illustration of two cases of the study, including clinical history, immunophenotype as identified in the tissue microarray study, microsatellite 
analysis for the BAT25 mononucleotide repeat, and genetic sequence segment with a hMLH1 mutation for case 1. 
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Table 1. Summary of results. 


Unstable microsatellite markers IHC? Sequencing 
Case MSI status BAT25 BAT26 D2S123 D5S346 D17S250 hMSH2 hMLH1 hMSH2 hAMLH1 
1 H-MSI + + a P N Negative Mutation 
2 L-MSI? - - + - - P P Negative Negative 
3 MSS - - - a = P P Negative Negative 
4 H-MSI + + + P P Negative Negative 
5 MSS - - - a = P P Negative Negative 
6 H-MSI + + + P P Negative Negative 
7 H-MSI + a = P P Negative Negative 
8 MSS - - - = - P P Negative Negative 
9 H-MSI - - + - + 2? P Negative Negative 
10 H-MSI = a - + + P P Negative Negative 
dA MSS - - - - - P P Negative Negative 
12 and 13 H-MSI (both) a = - + + P P Negative Negative 
14 MSS - - - - - P P Negative Negative 
15 H-MSI + + + + aad N P Mutation Negative 
16 MSS - - - - - P P Negative Negative 
Lf MSS - - - cae = P P Negative Negative 
18 MSS - a al - - P P Negative Negative 
19 MSS - - - - a P P Negative Negative 
20 MSS a - - = - P P Negative Negative 
21 and 22 MSS (21); H-MSI (22) - - + - + P P Negative Negative 
23 MSS oa oa al a = P P Negative Negative 
24 H-MSI + + - + + P P Negative Mutation 
25 L-MSI - = NA - + P P Negative Negative 
26 MSS - - - - - P P Negative Negative 
27 MSS a - - - = P P Negative Negative 
28 NA NA NA NA NA NA P P Negative Negative 
29 MSS - - - a = P P Negative Negative 


*P, antibody positive; N, antibody negative; ??, indeterminate case. 


© |-MSI, low-frequency MSI; NA, no amplification [in case 25, one of the markers (D2S123) failed to show satisfactory amplification for diagnostic assessment, 


whereas in case 28 the DNA preservation was suboptimal]. 


inflammatory and vascular component), the result was 
labeled indeterminate. 

For the hMLH1 and hMSH2 sequencing, genomic DNA 
was extracted from peripheral mononuclear cells by use 
of the Puregene™ DNA Isolation Kit (Gentra Systems). 
Each of the 19 exons of hMLH1 and 16 exons of hMSH2 
was amplified by PCR, with 50-200 ng of genomic DNA 
used as template. PCR products were visualized on 1% 
agarose gels and purified with the QIAquick PCR Purifi- 
cation Kit (Qiagen). Purified PCR products were se- 
quenced on the ABI PRISM 3100 Genetic Analyzer with 
the Big Dye Terminator, Ver. 3.0, reagent set (ABI), either 
with the forward or reverse PCR primer or with an 
internal primer, when appropriate, and analyzed with 
Sequencing Analysis, Ver. 3.0, software. See Fig. 1 for 
representative sample results. 

The mean age of the patients involved (17 males and 10 
females) was 43 years [mean overall age of CRC patients 
in Singapore is ~60 years (12)]. There were 22 (81%) of 
Chinese, 4 (15%) of Malay, and 1 (4%) of Indian descent, 
compared with 89%, 7%, and 4% for CRC patients in 
Singapore in general (12). The tumors were right-sided in 
almost 50% of our cases, whereas the right-to-left ratio in 


Singapore is 1:10 (12). Clinically, the patients were 
grouped as follows: satisfying all Amsterdam criteria (n = 
2); three or more family members with CRC or HNPCC- 
like cancer (n = 5); two family members with CRC or 
HNPCC-like cancer (n = 11); index patient in the pedigree 
with multiple primary CRC or HNPCC-like cancer (n = 
3); and young CRC diagnosed before age 40 without 
family history (n = 6). The most common features iden- 
tified in the series were poor differentiation (n = 12), 
pushing infiltrative margin (n = 11), Crohn-like reaction 
(n = 10), and cribiform architecture (n = 8). These features 
were also prominent among the H-MSI cases. The cases 
that we found who had more of these features were not 
necessarily those with H-MSI status. 

Selective results are shown in Table 1 (for the full 
results, see Table 1 in the Data Supplement that accom- 
panies the online version of this Technical Brief at http:// 
www.clinchem.org/content/vol50/issue6/). Eleven tu- 
mors (38%) were H-MSI, 2 tumors (7%) showed one 
unstable microsatellite (the low-frequency MSI group), 
and 16 tumors (55%) were MSS CRC. The most frequent 
microsatellite markers exhibiting instability were D2S123 
and D175250 (in eight cases each), followed by D55346 (in 
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seven cases) and the mononucleotide repeats (in six cases 
each). 

IHC analysis of full sections from all H-MSI cases 
produced full concordance with the TMA JHC results. 
Full concordance was also achieved with the duplicate 
punches for every case. Analysis of the IHC staining on 
TMA sections (done “blinded” by the histopathologist) 
showed 1 case (case 15) with loss of hMSH2 reactivity and 
1 case (case 1) with loss of hMLH1 reactivity (7.4% of all 
patients and 18% of those with H-MSI status). One case 
(case 9) was indeterminate. Interestingly, lack of antibody 
reactivity was not 100% accurate when used as a surro- 
gate test to predict the presence of MMR gene mutations. 
The sequencing analysis showed hMLH1 gene mutations 
in two cases: a 887T>G mutation in case 24, which 
changed a leucine-encoding codon to a termination 
codon; and a 350C>T (splice-site) mutation in case 1. 
However, concurrent loss of hMLH1 reactivity was found 
only in case 1; case 24 had seemingly paradoxical con- 
served reactivity for the hMLH1 antibody and showed no 
HNPCC-related histologic features. A single hMSH2 mu- 
tation (2446C>T; glutamine > termination) was identified 
in case 15, which was H-MSI and showed no hMSH2 
antibody reactivity. Case 9, with an indeterminate result 
for hMSH2 IHC staining, showed no hMSH2 mutation. 

The clinicopathologic profiles of our patients were in 
keeping with the known profiles of H-MSI patients. This 
was also reflected in the high percentage of H-MSI in our 
series (37.9%), which is more than double that described 
in the general population (1) and in the ethnic group 
distribution (12). Our results raise several issues of clini- 
cal relevance. For example, they confirm the difficulty in 
predicting H-MSI status on histologic grounds (4, 13) 
alone (even one of the cases with hMLH1 mutations was a 
left-sided carcinoma with no characteristic histologic fea- 
tures). In addition, both cases with a known mutation in 
our series were in the H-MSI subgroup. Moreover, in our 
series, the dinucleotide markers D2S123 and D175250 
were the more frequent and relevant ones for instability. 
Had we not performed tests for these markers routinely, 
four cases in our series (cases 9, 10, 12, and 22) would not 
have been classified as H-MSI, whereas not testing for the 
mononucleotide repeats [postulated as the microsatellite 
marker with a higher informativity (8)] would not have 
changed the overall H-MSI status of our cases. The reason 
is difficult to ascertain in a relatively small sample group, 
but it indeed has a clear molecular diagnostic implication. 

We observed that antibody reactivity may not be a 
reliable indicator of MMR gene abnormality. Case 24 is a 
cogent reminder that mutations may be present with at 
least partial antibody reactivity (14). This is also relevant 
for TMA-based screening to detect MMR gene mutations. 
This study shows how a duplicate tissue array of 1-mm- 
diameter punches offers full correlation with the same 
analysis in full sections, as we have described for other 
neoplasms (11). 

We propose a diagnostic flowchart for cost-efficient 
analysis of samples from HNPCC-like patients. Because 
the chances of having a MSS tumor with hMLH1 or 
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hMSH2 mutations are uncertain (15), MSI testing should 
be the first-line laboratory investigation. We propose that 
the MSI-documented cases be followed by IHC analysis, 
which would allow the targeting of specific genes for 
follow-up mutation analysis, minimizing costs and elim- 
inating unwarranted testing. Although the cost of first- 
line direct sequencing of the three most common genes for 
all cases in our series would have been ~US $81 000, 
which would be followed in the negative cases with full 
MSI/IHC analysis (another US $12 150), a protocol that 
started with the MSI test as a first-line investigation with 
subsequent IHC staining, to be followed by sequencing 
only in those cases that require it [three-gene (4MLH1, 
hMSH2, and hMSH6) or one-gene sequencing depending 
on the IHC result], would substantially reduce the cost of 
diagnostic investigations, to US $43 850, or by ~50-60%. 

In summary, our study highlights the importance of the 
microsatellite dinucleotide repeats D25123 and D17S250 
in MSI testing; the necessity of using MSI testing as the 
first-line investigation, followed by selective IHC analysis 
to recommend MMR gene sequencing in the appropriate 
patients; and the general cost-effectiveness of this ap- 
proach. Furthermore, our study establishes the adequacy 
of TMAs for high-throughput screening of paraffin-em- 
bedded tissue collections of known genes. 


This work was funded by grants from the Health Services 
Development Program, Ministry of Health, Singapore 
(HSDPO1N02) and the National Health Group of Singa- 
pore (NHG-RP01121). The study was carried out with the 
ethics approval of our Institutional Review Board (IRB 
Reference Code 03.104). 
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Rapid, Simple Laser-Light-Scattering Method for HDL 
Particle Sizing in Whole Plasma, Emersom S. Lima’ and 
Raul C. Maranhao'’*” [' Lipid Metabolism Laboratory, 
Heart Institute (InCor) of the Medical School Hospital, 
and ” Faculty of Pharmaceutical Sciences, University of 
Sao Paulo, Sao Paulo 05403-000, Brazil; * author for corre- 
spondence: fax 55-11-3069-5574, e-mail ramarans@usp.br] 


HDL particles are composed of an outer layer of phos- 
pholipids and free cholesterol surrounding a hydrophobic 
core that consists primarily of cholesterol esters and small 
amounts of triglycerides (1). Apolipoprotein A-I (apo A-I) 
accounts for ~60% of the protein content of HDL. Other 
apolipoprotein species found in HDL particles include 
apo A-II, apo A-IV, apo CI, apo CIII, and apo E. Several 
subfractions of HDL have been identified on the basis of 
density, electrophoretic mobility, particle size, and apoli- 
poprotein composition (2). Differences in particle size are 
ascribed mainly to the number of apolipoprotein mole- 
cules on the particle surface and the amounts of choles- 
terol esters in the core (1, 2). Furthermore, there is grow- 
ing evidence suggesting that most of the cardioprotective 
properties of HDL are associated with the HDL, fraction 
(larger particles) rather than the HDL fraction (smaller 
particles) in patients with coronary artery disease (3, 4), in 
postmenopause women (5), in diabetes (6), and in pa- 
tients with familial hypercholesterolemia (9). 

Several methods, such as sequential ultracentrifugation, 
chemical precipitation, immunoaffinity chromatography, 
and nondenaturing polyacrylamide gradient gel electro- 
phoresis, have been used to separate HDL subfractions 
(8). The sizes of the subfractions have been estimated by 
nondenaturing polyacrylamide gradient gel electrophore- 
sis (9) and, more recently, by nuclear magnetic resonance 
spectroscopy (10). In general, these procedures are either 
laborious or expensive. 

Laser-light scattering (LLS) has been used in the mea- 
surement of LDL particle sizes after isolation of this 
fraction by ultracentrifugation (11). There is great simi- 
larity between the data obtained with this approach and 
those obtained with the nondenaturing polyacrylamide 
gradient gel electrophoresis method (P <0.0001; r = 0.78). 
To date, however, LLS has not been used to perform HDL 
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sizing. HDL sizing by LLS can be performed after chem- 
ical precipitation of the apo B-containing lipoprotein (8). 
This approach is more practical than ultracentrifugation 
or gel electrophoresis. Here we describe the separation of 
HDL by chemical precipitation and determine the parti- 
cles size in the supernatant by the LLS method. 

Twenty-nine healthy individuals, 4-66 years of age, 
participated in the experiments. The plasma concentra- 
tions of total cholesterol, HDL-cholesterol, and triglycer- 
ides were measured by automated enzymatic methods, 
and LDL-cholesterol was calculated by the Friedewald 
formula. Blood samples (15 mL) were collected from an 
antecubital vein of each participant into three 5-mL glass 
tubes, one containing EDTA (1.5 g/L), one containing 
heparin (5 IU/mL), and one containing no anticoagulant. 
EDTA plasma, heparin plasma, and serum were then 
obtained by centrifugation at 4°C for 15 min at 1250. 
Some samples were kept at 4°C and some at —70 °C to 
examine the effect of storage temperature on the assay. 
For the isolation of HDL for subsequent sizing by LLS, 
several combinations of polyanions and divalent cations 
were tested to precipitate apo B-containing lipoproteins 
(8). The following precipitants were tested: phosphotung- 
state-Ca** (3 g/L and 15 mmol/L, respectively), dextran 
sulfate-Mg** (15 g/L and 40 mmol/L, respectively), hep- 
arin-Mg”* (40 IU/mL and 30 mmol/L, respectively), and 
polyethylene glycol (PEG) 8000 (400 g/L) in 0.2 mol/L 
glycine buffer adjusted to pH 10 with sodium hydroxide. 
To assess the reliability of the HDL particle size data 
obtained with the different precipitation techniques used 
here, we also obtained the HDL fraction for comparison 
with a standard sequential flotation ultracentrifugation 
procedure (8) that uses a 90ti rotor in an Optima XL-100K 
ultracentrifuge (Beckman Instruments Inc.). 

Compared with the other tested precipitants, use of 
PEG gave HDL particle diameter measurements by LLS 
that were the most reproducible and that most closely 
resembled those obtained by ultracentrifugation. When 
LLS analysis was made using samples processed by PEG 
precipitation, the mean (SD) HDL particle size was 9.1 
(0.6) nm, which is consistent with those obtained by 
the ultracentrifugation procedure [9.3 (0.7) nm; n = 8]. 
The phosphotungstate-Ca**- and Mg?*-based methods 
yielded HDL diameter results that were not reproducible 
and with means >14 nm, i.e., inconsistent with the mean 
values expected for HDL. These results suggest that 
cations at high concentrations, as required for precipita- 
tion of apo B-containing lipoproteins by phosphotung- 
state-Ca?*- or Mg**-based methods, may interfere with 
LLS measurements of HDL particle size. In this respect, 
Dias et al. (12) also reported that PEG was the most 
suitable for HDL isolation by precipitation. Thus, HDL 
isolation for further LLS analysis was standardized as 
follows: 0.5 mL of PEG (Merk-Schuchardt) was added to 
each EDTA-plasma sample (0.5 mL) and stirred in a 
vortex-mixer for 30 s. Samples were then centrifuged at 
1800¢ for 10 min at 25 °C in a microcentrifuge (Model 5415 
C; Eppendorf). A 0.5-mL portion of the supernatant was 
added to 1.5 mL of 10 mmol/L NaCl, passed through a 
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Table 1. Age, body mass index, plasma glucose and lipid 
concentrations, and sizes of the HDL particles for the study 
participants according to gender. 


Mean (SD) 
Men (n = 14) Women (n = 13) 

Age, years 24 (15) 24 (14) 
BMI,? kg/m? 26.4 (7) 24 (5) 
Glucose, mg/L 930 (260) 800 (130) 
Cholesterol, mg/L 1890 (930) 1660 (800) 
LDL-cholesterol, mg/L 1600 (670) 1100 (780) 
HDL-cholesterol, mg/L 480 (210) 510 (80) 
Triglycerides, mg/L 1330 (350) 1090 (290) 
HDL particle diameter, nm 8.4 (1.1) 9.4 (1.0)8 


? BMI, body mass index. 
» Significant difference between men and women (Mann-Whitney test, P 
<0.05). 


0.22 um filter (Millipore Products Division) to exclude 
dust particles, and poured into a disposable 10 x 10 x 48 
mm cuvette (Sarstedt). 

The diameters of HDL particles were determined by 
use of a ZetaPALS Zeta Potential Analyzer (Brookhaven 
Instruments Corporation). This instrument uses a 29 mW 
helium-neon laser at 658 nm to excite the samples. Scat- 
tered light is collected at an angle of 90° by a photon- 
counting photomultiplier tube and is then directed to a 
correlator. The software (BIC particle sizing) derives par- 
ticle sizes from the correlator function. Results of each 
sample were expressed as the mean, which is the har- 
monic intensity-averaged particle diameter. For this 
study, all LLS measurements were performed at 25 °C, 


1087 


and the results are means (SD) of five runs of 2 min each. 
To verify the accuracy of the instrument, before conduct- 
ing the study, we subjected commercially available nano- 
sphere size standards (Duke Scientific) of known diame- 
ters [92 (3.7) nm] to size determination under the 
operating conditions described above. The intraassay CV 
for the HDL particle diameter measurement (n = 10) 
obtained with this procedure was 2.1%. 

The physical characteristics and laboratory data for the 
study participants, as grouped by gender, are shown in 
Table 1. There were no differences between genders with 
respect to age and body mass index, plasma lipids, and 
glucose. The HDL particle size measurements are also 
shown in Table 1, and it is clear that the HDL particles are 
larger in females than in males. The correlation plots for 
HDL particle size vs total cholesterol and LDL-cholesterol 
are shown in Fig. 1. We found negative correlations 
(Pearson correlation test) between HDL particle size and 
plasma total cholesterol (r = —0.484; P <0.05) and be- 
tween HDL particle size and LDL-cholesterol (r = —0.464; 
P <0.05). The correlations between HDL particle size and 
HDL-cholesterol and triglyceride concentrations were not 
significant (P = 0.560 and 0.168, respectively). We ob- 
served no significant changes in particle diameter size in 
the frozen EDTA plasma over the first 7 days at —70 °C; 
thereafter, however, the particle size steadily increased 
(no data shown). Regarding the EDTA-plasma samples 
maintained at 4°C, increases in particle size began to 
occur as early as after 24 h of storage. Use of serum or 
heparinized plasma was inadequate for LLS HDL sizing 
because the diameter values were increased ~12% com- 
pared with those obtained from EDTA plasma. The larger 
diameter values could be attributable to formation of 
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Fig. 1. Plots of HDL particle diameter vs plasma total cholesterol (A) and LDL-cholesterol (B) concentrations. 
(A), correlation (Pearson correlation test, r= —0.484; P = 0.0193) between plasma total cholesterol (mg/L) and HDL particle diameter (nm) determined in whole 
plasma by LLS after chemical precipitation of apo B-containing lipoproteins. (B), correlation (Pearson correlation test, r = —0.461; P = 0.0468) between plasma 


LDL-cholesterol concentration (mg/L) and HDL particle diameter (nm) determined in whole plasma by LLS after chemical precipitation of apo B-containing lipoproteins. 
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HDL particle aggregates after precipitation of apo B- 
containing lipoproteins. 

The data on HDL particle size obtained in this study 
(mean diameter, 8.8 nm) are in agreement with the values 
described in the literature for other techniques. In healthy 
normolipidemic individuals, HDL sizing by nuclear mag- 
netic resonance spectroscopy yielded diameters of ~9.2 
nm (10), whereas the values obtained from gradient gel 
electrophoresis ranged from 8.4 to 9.6 nm (9, 13). In this 
study, similar to other published results obtained by 
gradient gel electrophoresis (13), the HDL particle diam- 
eter (nm) was greater in premenopausal women than in 
men (9.1 vs 8.4 nm; Mann-Whitney test, P = 0.013). 
Negative correlations between HDL particle size and total 
cholesterol and LDL-cholesterol were also reported by 
Pascot et al. (13), thus strengthening the link between 
HDL particle size and coronary artery disease. In the 
present study, the correlations between HDL particle size 
and HDL-cholesterol and triglyceride concentrations 
were not statistically significant, probably because of the 
small number of samples. Pascot et al. (13) may have 
found significant correlations for these relationships be- 
cause they studied >400 individuals. Therefore, LLS 
analysis after chemical precipitation of apo B-containing 
lipoproteins gave results for HDL diameter in the same 
range as those obtained by established techniques for 
lipoprotein sizing (9, 10, 13). Furthermore, the differences 
between genders and the correlations reported here are in 
agreement with those described in the literature (13). 

Because LLS analysis after chemical precipitation is a 
practical and less time-consuming approach for HDL 
sizing, it could be used in large trials and in routine 
clinical laboratory analysis. 


This study was supported by Fundacéo de Amparo a 
Pesquisa do Estado de Sado Paulo (FAPESP) Grant 
99.01229-2 (to R.C.M,). 
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The recent introduction on the market of instruments for 
real-time PCR has prompted the development of quanti- 
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Table 1. Results of the PML-RARa and BCR-ABL assays (co 


pies/L) for the participating laboratories grouped according to 


the instrument. 


Laboratories 


Lc ABI 

Assay Samples 1 2 3 4 5 6 7 8 9 10 11 
BCR-ABL Blank 0 0 0 10) 0 0 0 0 0) 0 0 
1 5 1 2 4 HE 1 0 4 1 3 1 
2 22 299 13 120 16 370 6204 26 430 19 503 14 300 10 667 12 455 23 353 12 691 
3 10 15 12 3 29 16 47 8 13 27 9 
4 3 2 5 4 4 2 3 4 3 5 2 
5 6 dl 2 4 2 4 18 ‘L, 1 4 1 
6 12 4 5 3 6 7 13 4 4 15 5 
7 178 60 86 41 122 131 282 11 13 249 110 
8 31 11 18 8 27 27 106 65 121 43 13 
9 2 2 3 2 2 3 22 4 1 2 1. 

Laboratories 
Replicates 1 2 3 4 5 6 7 8 9 10 
PML-RARa 

BCR1 Blank 0 0 0 0 0 0 10) 0) 0 0) 
Blank 0 0 0 4 0 0 0 0) 0 0 
41. 858 2825 1255 1965 1536 1758 1329 919 1291 2193 
aL 675 3165 1195 1892 1776 2071 1342 752 1023 2400 
2 66 241 116 125 150 138 128 76 124: 218 
2 90 284 142 231 145 132 136 97 133 194 
3 13 22 20 6 13 23 11 15 16 23 
3 13 40 13 2 12 18 13 6 13 22 
4 2 4 1 2 2 5 4 ull 2 1. 
4 2 A dl. 2 ul 3 2 2 A 1 
BCR3 Blank 0 0 0 0 0 0 0 0 0 0 
Blank 0 0) 0 10) 0) 0 0 0 0 0 
5 302 349 747 378 583 427 531 444 875 493 
5 329 323 609 611 706 585 509 399 842 507 
6 31 31 5 74 42 36 44 46 100 48 
6 34 31 61 56 47 34 43 48 89 45 
7 5 3 8 4 4 5 5 4 16 5 
7 at 3 7 6 7 5 5 4 13 7 
8 1 0 L. 0 al 0 L al 2 0 
8 al 0 5 10) 0 1 4 1 1 0 


tative assays for the most common fusion transcripts 
detectable in hematologic malignancies. However, be- 
cause the ABI PRISM apparatus (ABI; Applied Biosys- 
tems) was the first available instrument for real-time PCR, 
most of the methods developed for the ABI PRISM use 
TaqMan probe chemistry (1-3). With the introduction of 
other real-time PCR instruments, such as the LightCycler 
(LC; Roche), other methods have been described (4-7). 
The instruments differ in several respects, including the 
light sources and the approach to acquisition of fluores- 
cence data. Few reports have compared the results ob- 
tained with different types of real-time PCR instruments 
(8). To the best of our knowledge, no such multicenter 
studies with common calibrators and common methods 
have been reported. 

In the present study we analyzed the results obtained 
with two of the more widely used instruments for real 


time PCR, ie., the ABI and LC, for amplifying two 
rearrangements frequently detectable in human leukemia, 
the BCR-ABL and PML-RARa fusion genes. For BCR-ABL 
several quantitative methods have been established for 
both instruments (3-7), whereas for PMIL-RARa most of 
the quantitative methods have been developed for the 
ABI PRISM (1). 

The quantification of BCR-ABL transcripts is clinically 
relevant for monitoring patients with chronic myeloid 
leukemia undergoing allogeneic hematopoietic stem cell 
transplantation (4,9) or treatment with interferon-a or 
imatinib mesylate (9-11). For example, low numbers of 
BCR-ABL transcripts after 2 weeks of imatinib treatment 
predict a good response to imatinib after 4 weeks (9). 
With respect to PML-RARa, recent reports have shown 
that quantitative assessment of PML-RARa transcripts 
allowed efficient monitoring of minimal residual disease 
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Fig. 1. Pooled means and profiles of means for the samples. 
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(A), pooled means of log(PML-RARa) for the LC and ABI. The error bars indicate 2 SD. (B), profiles of the means of the PML-RARa samples analyzed by each type of 
real-time PCR instrument. (C), pooled means of log(BCR-ABL) for the LC and ABI. The error bars indicate 2 SD. (D), profiles of the means of the BCR-ABL samples 


processed by each type of real-time PCR instrument. n.s., not significant. 


(1) and assessment of the effects of the treatment given 
(12). Furthermore, patients who had transcription values 
above an empirical checkpoint after consolidation therapy 
had an increased risk of relapse (13). 

Ten laboratories participated in the trial for PML-RARa 
analysis (6 using LC and 4 ABI), and 11 laboratories were 
involved in the BCR-ABL assay (7 using LC and 4 ABI; see 
the list of participating laboratories in the Data Supple- 
ment that accompanies the online version of this Techni- 
cal Brief at http://www.clinchem.org/content/vol50/ 
issue6/). In the trial for PML-RARa, each laboratory 
received 20 samples: 2 reagent blanks, 4 BCR1-positive, 
and 4 BCR3-positive cDNA samples in two replicates. In 
the trial for BCR-ABL, the laboratories received 10 sam- 
ples: 1 blank and 9 patient cDNA samples (5 B3A2- 
positive and 4 B2A2-positive). 

The laboratories also received calibrators prepared by 
cloning PCR products of samples from positive patients 
(B3A2 isoform for BCR-ABL, and BCR1 or BCR3 isoforms 
for PML-RARa) into CR® II-TOPO® vector (TOPO™ 
Cloning® Kit). For PML-RARa, two sets of calibrators were 


prepared: one for BCR1 and the other for the BCR3 
isoform. Calibrators were provided at the following con- 
centrations: 2 X 10°, 2 X 10*, 2 x 10°, 2 X 10’, and 2 
copies/L. Samples and calibrators were shipped on dry 
ice by overnight courier and stored refrigerated until 
used. The calibrators were analyzed in duplicate and the 
samples in triplicate. 

For PML-RARa_ quantification, the laboratories 
equipped with ABI used the reagents and protocol estab- 
lished by Gabert et al. (14, 15) for this instrument in the 
Europe Against Cancer Program (EAC Protocol April 
2002). The method designed for the ABI PRISM was 
optimized in the LC by use of a final volume of 10 wL, 
including 2 wL of cDNA samples (unknowns) or 2 wL of 
calibrators (for the calibration curve; see the Methods file 
in the online Data Supplement). 

For the BCR-ABL rearrangement the laboratories 
equipped with ABI used the reagents and protocol de- 
signed by Gabert et al. (14, 15). The ABI method was also 
optimized for the LC as described (see the Methods file in 
the online Data Supplement). 
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The quantification of transcripts was carried out auto- 
matically with the software provided in each type of 
equipment (see the section on quantification in the Meth- 
ods file in the online Data Supplement). 

To compare the results among the laboratories or 
samples for each real-time instrument, we performed a 
multivariate ANOVA for laboratories and samples as 
described in the Statistics file in the online Data Supple- 
ment. 

The efficiencies estimated from the slopes of the cali- 
bration curves for the PML-RARa BCR1 and BCR3 iso- 
forms for the ABI and LC were very similar (Table 1 in the 
online Data Supplement). One false-positive result was 
detected in a BCR1 blank sample (Table 1). 

All laboratories detected transcripts in the replicate of 
the BCR1-positive sample with the lowest number of 
copies, and three of the four ABI and two of the seven LC 
laboratories detected the replicate sample BCR3 with the 
lowest number of copies (Table 1). These results suggest 
that both instruments are capable of detecting 1-5 cop- 
ies/wL of the PML-RARa isoforms. 

We observed significant differences among global 
means of the PML-RARa results of the laboratories with 
LC or ABI (P = 0.000). However, the global means of all 
samples assessed with LC or ABI showed no statistical 
difference (Fig. 1A), as reflected in the profiles of the 
means of the samples processed by each real-time instru- 
ment (Fig. 1B). 

We found a difference in the interaction reproducibility 
between the two instruments at the limits of statistical 
significance (P ~0.05; Table 2 in the online Data Supple- 
ment), which was attributable to the larger variance of the 
LC for this component. 

The efficiencies estimated from the slope of the calibra- 
tion curves for BCR-ABL were similar for the two instru- 
ments [mean (SD) 1.79 (0.04) for the LC and 1.84 (0.02) for 
the ABI; Table 1 in the online Data Supplement]. No 
false-positive results were reported for the blank controls 
(Table 1). 

All participating laboratories except one using the LC 
were able to detect transcripts in the sample with the 
lowest amount of BCR-ABL transcripts (1-5 copies/L; 
Table 1). 

We observed significant differences among the global 
means of the laboratories using LC or ABI (P <0.001). 
Conversely, we found no statistically significant differ- 
ences between the ABI and LC instruments for the global 
means of pooled samples of the laboratories (Fig. 1C). In 
addition, the profiles of the means of log(BCR-ABL) 
obtained for each sample within the laboratories using an 
ABI or LC instrument were nearly identical (Fig. 1D). 

None of the precision components differed between the 
ABI and LC (Table 2 in the online Data Supplement). 

In summary, this multicenter study showed that the 
ABI and LC instruments performed similarly. As a mul- 
tilaboratory trial, the results obtained can be expected to 
better transfer to the data reported in clinical trials than if 
the comparison were performed by a single laboratory. 
The study confirms the ability of the LC to use the 
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TaqMan technology (6, 16) as an alternative to the Hyb- 
Probes technology originally developed for this system 
(5,17). 

In this study, the main statistical differences were 
among the pooled means of the data. These individual 
differences among the laboratories with the same instru- 
ment could be attributable to variability in the stability of 
control samples or reagents, methodologic proficiency, or 
instrument maintenance. 

The small difference in the interaction reproducibility 
(P ~0.05) for PML-RARa could reflect a difference in 
sensitivity of LC to the influence of noncontrolled effects. 

In conclusion, despite differences in reagents in our 
study, the results for the LC and ABI instruments were 
equivalent with respect to the means and _ precision, 
suggesting that the choice of instrument has little to do 
with results when laboratories use the same methods and 
calibrators. Standardization of quantitative real-time PCR 
studies in a multiinstitutional context will require adop- 
tion of common methods and calibrators. The harmoni- 
zation of the results should in turn allow better compar- 
ison of data obtained in different therapeutic trials. 


This study was supported financially by Roche Applied 
Science, Spain. 
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Protein excretion in urine has been suggested as an 
indicator of kidney disease since the time of Hippocrates. 
In the early 1800s, Bright further established approaches 
for studying proteinuria as a marker for kidney disease 
(1). As methods for quantitative and qualitative analysis 
have become more sophisticated, it has become possible 
to detect earlier stages of kidney disease and to differen- 
tiate different patterns of protein excretion (1-3 ). Quanti- 
tative immunoassays of selected urinary components 
such as a,-microglobulin, albumin, IgG, and a,-macro- 
globulin have been shown to be useful in characterizing 
the nature of proteinuria (4). Two-dimensional electro- 
phoresis has provided a method for simultaneous analy- 
sis of numerous proteins in urine (5, 6). Recently, a new 
dimension has been added to analysis of urinary compo- 
nents by mass spectrometric techniques, which detect 
many small peptide components below the size resolution 
of electrophoresis (7, 8). The highly complex mixtures of 
small peptides in urine offer the potential for information- 
rich patterns for clinical diagnosis. Concentrations of 
urinary peptides serve not only as markers for kidney 
function but also as markers of other systemic physiologic 
processes. As examples, immunoassays for specific pep- 
tides provide measures of thrombosis and fibrinolysis 
(9,10) and endocrine function (11). 
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In the present study, we sought to identify a simple 
method to prepare urine specimens for the analysis of 
small peptide components. Sample preparation repre- 
sents one of the major challenges for analysis of peptide 
components in urine specimens by mass spectrometry. 
Ideally, sample preparation needs to accomplish three 
tasks: (a) concentration of relatively dilute peptide com- 
ponents; (b) removal of salts that suppress peptide ioniza- 
tion in mass spectrometry; and (c) depletion of albumin 
and other high-molecular-weight components that com- 
prise most of the total protein mass in urine. Standard 
methods that have been applied for protein concentra- 
tion—centrifugal ultrafiltration, acetone precipitation, 
acid precipitation, dye precipitation, ultracentrifugation, 
and lyophilization— generally have drawbacks of poor 
peptide recovery, poorly soluble pellets, or failure to 
remove salts (6). We examined solid-phase extraction of 
urinary peptides, using a polymeric sorbent with a pore 
size that should exclude albumin and other proteins of 
similar or greater size. 

Urine specimens were processed in 6-mL cartridges 
containing 500 mg of Strata™-X polymeric sorbent (Phe- 
nomenex) on a vacuum manifold. Pore size of the sorbent 
was specified by the manufacturer to be 91 A, yielding a 
predicted size exclusion limit of ~20000 Da. Cartridges 
were primed with 4 mL of methanol followed by 4 mL of 
5 g/L acetic acid before addition of urine specimens, 
which had been acidified with acetic acid during collec- 
tion to a pH of 4-5. After extraction of urine, cartridges 
were washed with 8 mL of 5 g/L acetic acid, and peptides 
were eluted with 3-mL steps of increasing acetonitrile 
concentration or with 600 mL/L acetonitrile-5 ¢/L acetic 
acid. Measurements of total protein and albumin to de- 
termine the amounts of proteins eluted from the car- 
tridges were performed by standard methods (pyrogallol 
red and immunoturbidimetry, respectively) on a LX-20 
analyzer (Beckman-Coulter). C-Peptide was measured by 
competitive immunoassay with an Immulite 2000 (Diag- 
nostics Products Corp.). Eluates from extraction car- 
tridges were analyzed either after evaporation under 
nitrogen to ~2 mL or directly. 

Matrix-assisted laser desorption/ionization time-of- 
flight (MALDI TOF) mass spectrometry was performed 
with an Ultraflex TOF mass spectrometer (Bruker Dalton- 
ics) in a linear positive-ion mode. Specimens were applied 
manually to 384-position target plates as 1-uL aliquots 
between layers of matrix applied as 1-wL aliquots of 10 
g/L sinapinic acid in 750 mL/L acetonitrile-250 mL/L 
water containing 10 g/L acetic acid. Data were summed 
for 300 laser pulses collected from 10 positions. Measure- 
ments of mass/charge (m/z) were by external calibration. 
Calibrators and sinapinic acid were purchased from 
Bruker Daltonics. 

Solid-phase extraction of highly proteinuric urine (Ta- 
ble 1) served as good example of the size selectivity and 
binding capacity of the extraction cartridge. We loaded 
10-mL aliquots of urine successively on a single cartridge 
and analyzed the eluates. The albumin concentrations of 
flow throughs were approximately the same as the initial 
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Table 1. Solid-phase extraction of peptides from grossly 
proteinuric urine. 


Eluate concentrations (% of initial concentrations)” 


Protein, g/L Albumin, g/L C-Peptide, ug/L 
Sequential additions 
10 mL of urine 13.5 (96%) 8.7 (99%) 0.55 (1%) 
10 mL of urine 14.1 (101%) 9.0 (102%) 0.87 (2%) 
10 mL of urine 13.9 (99%) 8.7 (99%) 0.62 (1%) 
10 mL of urine 14.1 (101%) 9.0 (102%) 0.55 (1%) 
10 mL of urine 13.8 (99%) 9.0 (102%) <0.50 (<1%) 
10 mL of 5 g/L 0.59 (4%) 0.48 (5%) <0.50 (<1%) 
acetic acid 
3 mLof100mL/L 0.39 (3%) 0.02 (0.2%) 0.59 (1%) 
acetonitrile 
3 mL of 200 mL/L 0.85 (6%) 0.02 (0.2%) 6.6 (12%) 
acetonitrile 
3 mL of 300 mL/L 3.6 (25%) 0.15 (2%) 662 (1180%) 
acetonitrile 
3 mL of 400 mL/L 3.1 (22%) 0.23 (3%) 67 (120%) 
acetonitrile 
3 mL of 500 mL/L 0.33 (2%) 0.02 (0.2%) 3.8 (7%) 
acetonitrile 
3 mL of 600 mL/L 0.06 (0.4%) 0.002 (0.02%) 3.0 (5%) 
acetonitrile 


* Unprocessed urine contained 14000 mg/L total protein, 8800 mg/L 
albumin, and 56 pg/L C-peptide. 


concentrations, indicating very low extraction of albumin. 
Elution of C-peptide, which has a mass of ~3000 Da, was 
monitored with a quantitative immunoassay. Flow 
through concentrations of C-peptide were ~1% of the 
initial concentration even after loading of 50 mL of the 
proteinuric specimen, providing evidence that the capac- 
ity of the cartridge was not reached even with this large 
specimen load. Stepwise elution of components bound to 
the column by increasing concentrations of acetonitrile 
yielded the largest amounts of C-peptide at 300 mL/L 
acetonitrile. The C-peptide concentration in the 300 mL/L 
acetonitrile eluate was ~10-fold higher than in the initial 
specimen, whereas the albumin concentration was 2% of 
the original. The amount of C-peptide was 78% of the 
original for the two eluates at 300 and 400 mL/L acetoni- 
trile compared with only 0.3% for albumin. Analysis of 
the C-peptide concentrations obtained for seven different 
50-mL urine specimens (ranging from normal to high 
protein) by single-step elution with 600 mL/L acetonitrile 
gave mean (SD) values that were 80 (20)% of the amounts 
loaded on the cartridges. In analyses of 15 aliquots of a 
single specimen containing 1010 mg/L albumin and 32.4 
ug/L C-peptide, the amounts of albumin and C-peptide 
eluted by acetonitrile were 2.4 (0.3)% and 106 (7)%, 
respectively, of the amounts loaded on the cartridges. 
The low binding capacity of the cartridge for albumin 
(~1 mg) probably results from steric exclusion of albumin 
from pores of the polymeric solid-phase adsorbent. Albu- 
min, with a molecular mass of ~67 000 Da, is well above 
the expected size exclusion limit for pores of the adsor- 
bent. Therefore, low-capacity binding of albumin occurs 
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only on the external surface of the adsorbent, and albumin 
binding saturates without affecting binding of small pep- 
tide components such as C-peptide; the internal surface of 
pores represents the major surface area for capture of 
small peptide components. 

Extraction of urine greatly improved the ability to 
detect peptide components by MALDI (Fig. 1). In the m/z 
range 1250-5000, few components were apparent in un- 
processed urine, and signals were very weak (Fig. 1, top). 
Analysis of eluates at 400 mL/L acetonitrile showed 
several components for the proteinuric specimen ana- 
lyzed in Table 1 (Fig. 1, middle) and for a urine with a 
protein concentration (70 mg/L) within normal limits 
(Fig. 1, bottom). The proteinuric specimen had a greater 
number of components and yielded stronger signals, 
indicating greater complexity and concentration of pep- 
tides. Components detected by mass spectrometry eluted 
at various acetonitrile concentrations. For the six fractions 
that were eluted with 100-600 mL/L acetonitrile, >100 
different peaks were observed for the proteinuric speci- 
men, and 25 peaks were detected in the specimen with a 
low protein concentration in the m/z range 1200-7000 
(spectra not shown). It is likely that there are thousands of 
peptide components in urine and that the number ob- 
served is likely to depend on the sample preparation and 
the sensitivity and resolution of the method of analysis 
(7). 

Results of the present study suggest that solid-phase 
extraction of urine with a polymeric solid phase provides 
a simple method for extraction of peptides for analysis by 
mass spectrometry. Peptides were eluted in a salt-free 
solution containing acetonitrile that might be concen- 
trated further by evaporation. Elution of the greatest 
number of components at moderate concentrations of 
acetonitrile (300-400 mL/L) suggests that it should be 
possible to elute most components off the solid phase. 
Previously, solid-phase extraction has been applied as a 
tool for preparation of peptide mixtures, such as tryptic 
digests of proteins, for MALDI TOF mass spectrometry 
(12-14). A specialized variation of solid-phase extraction 
that has been termed surface-enhanced laser desorption/ 
ionization (SELDI) directly extracts peptides onto the 
target surface for mass spectrometry (15). Typically, solid- 
phase extraction of peptides has involved use of octa- 
decylsilica as the adsorbent, although some reports note 
that recovery of hydrophilic peptides can be increased by 
use of graphite particles or a mixed bed of graphite and 
octadecylsilica (12-14). Often, sample preparation for 
MALDI TOF mass spectrometry has been performed in 
pipette tips packed with tiny amounts of adsorbent. This 
format provides adequate specimen for MALDI TOF mass 
spectrometry but not enough for other, traditional clinical 
laboratory techniques. In addition, octadecylsilica or 
graphite adsorbents are likely to lack the size selectivity 
observed in the present experiment because of the larger 
pore sizes of common adsorbents. 

Polymeric adsorbents have potential advantages with 
respect to capacity and suitability for large volumes of 
aqueous specimen (12). High capacity is a desirable 
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Fig. 1. Mass spectrograms of urine specimens relating signal intensity to m/z ratio. 
(Top), unprocessed urine with high protein concentration (14 000 mg/L); (middle), eluate from solid-phase extraction of the proteinuric specimen; (bottom), eluate from 


solid-phase extraction of urine with normal protein concentration (70 mg/L). 


characteristic in that it allows concentration of larger 
volumes of the relatively dilute peptide solutions in urine. 
The solid-phase extraction procedure described here per- 
mits the processing of substantial volumes of specimen 
and yields eluates of sufficient volume to combine mass 
spectrometric analysis with traditional clinical laboratory 
assays that can assess specimen recovery or measure 
components below the detection limits of mass spectrom- 
etry. Size-selective extraction of peptides may be of great- 
est value for fluids such as proteinuric urine or plasma, 
which contain high concentrations of albumin or other 
large proteins. For many diagnostic purposes, it may be 
useful to combine quantitative assays of specific compo- 
nents such as C-peptide with the high-resolution qualita- 
tive analysis provided by MALDI TOF mass spectrome- 
try. The extraction technique here, which is directed at the 
concentration of peptide and small protein components 
(<20000 Da), is complementary to the ultrafiltration 
techniques that are commonly used in clinical laboratories 
to concentrate proteins >10 000 Da in urine specimens. 
The size selectivity of the present extraction technique 
provides high enrichment of small peptide components 
such as C-peptide vs a protein such as albumin with a 
molecular mass of 67 000 Da. In the present study, we did 
not quantify the amounts of any proteins near the pre- 


dicted size exclusion limit of ~20000 Da. Retention of 
such components is likely to be affected by their molecu- 
lar shape and to be intermediate in efficiency between 
small peptides such as C-peptide and proteins the size of 
albumin. 
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Haptoglobin Phenotypes in Epilepsy, Sayed M.H. Sadr- 
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Laboratory Medicine, University of Washington, Harbor- 
view Medical Center, Seattle, WA 98104; * author for 
correspondence: fax 206-731-3930, e-mail sadrzade@ 
u.washington.edu) 


Seizures occur in ~5% of people, and recur in >20% of 
that 5% (1,2). The etiologies of most seizures are un- 
known, and head trauma is implicated in only 5-10% of 
cases (3). Blood or blood components, specifically iron, 
may be etiologically important; intracranial injection of 
hemoglobin (4), lysed erythrocytes (5), iron-containing 
proteins (5), or iron salts (6) produced chronic focal spike 
activity in rodents and cats. Because microhemorrhagic 
events occur in the central nervous system of all people, 
inadequate clearance of iron-rich (7) hemoglobin might 
underlie development of some seizure disorders. 
Haptoglobin binds free hemoglobin and removes it 
from the circulation (8), thus preventing iron loss and 
kidney damage during hemolysis (9). Haptoglobin con- 
tains B- (heavy; 40 kDa) and a- (light; a, = 8.9 kDa and a, 
= 16 kDa) chains. Humans are polymorphic for haptoglo- 
bin, with three major phenotypes: Hp 1-1, Hp 2-2, and the 
heterozygous Hp 2-1 (10). The B-chains are identical in 
all, with variations dependent on different a-chains. Hp 
1-1 expresses only the a,-chain and is the smallest form 
(86 kDa). Hp 2-1 and Hp 2-2 express a,-chains, which can 
form polymers of 86-300 kDa (Hp 2-1) and up to 900 kDa 
(Hp 2-2) (10). Hp 1-1 is biologically the most effective in 
binding free hemoglobin and suppressing inflammatory 
responses associated with extracellular (free) hemoglobin 
(9). In contrast, Hp 2-2 is the least effective (11). The 
plasma concentrations of haptoglobin are highest in indi- 
viduals with Hp 1-1 and lowest in those with Hp 2-2, with 
intermediate concentrations in Hp 2-1 individuals (9). 
Haptoglobin also has antioxidant (12), angiogenic (13), 
and antiinflammatory effects (11, 14). Furthermore, hap- 
toglobin has a role in regulation of immune responses (15) 
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by suppressing release of cytotoxins from T-helper type 2 
cells and regulating T-helper type 1/T-helper type 2 
balance (15). 

If hemoglobin (or its iron) is involved in the etiology of 
seizures, then inadequate removal of hemoglobin (by 
haptoglobin) may be important. We postulated that func- 
tional differences between the haptoglobin phenotypes 
might be related to the severity and frequency of seizure 
attacks in patients with epilepsy. In this study, we inves- 
tigated the serum concentrations of haptoglobin and the 
distribution of haptoglobin phenotypes in people with 
and without epilepsy and examined the relationship of 
haptoglobin phenotypes with C-reactive protein (CRP), 
which, like haptoglobin, is an acute-phase protein. 

We studied 92 patients (59 men and 33 women), with a 
mean age of 43 (range, 21-87) years, who had one or more 
idiopathic seizures per month and who were treated at 
our medical center. Controls were 100 volunteers (62 men 
and 38 women), with a mean age of 44 years. No partic- 
ipants had intravascular hemolysis, liver disease, or 
trauma. The diagnosis of recurrent idiopathic epilepsy 
was based on clinical status and electroencephalography 
results. The study was approved by the local Institutional 
Review Board. 

Phenotyping of haptoglobin was performed by gel 
electrophoresis followed by peroxidase staining (16). Mo- 
bilities of haptoglobin in the samples were compared with 
authentic samples of Hp 1-1 and Hp 2-2 for phenotype 
identification. Concentrations of haptoglobin and CRP 
(17) were measured by fixed-time immunonephelometry 
with reagents and instrumentation from Dade Behring. 

Data are presented as the mean (SE). We used the t-test 
with Welch’s correction to assess significance of differ- 
ences of means. Analysis of differences in haptoglobin 
phenotype distributions in patients and controls was done 
by y test. 

Haptoglobin phenotype 2-2 was significantly associated 
with recurrent seizures (P <0.001), being present in 67% 
of the patients and in only 35% of controls. Hp 2-1 and 1-1 
were present in 18% and 13% of patients, respectively, 
and in 50% and 15% of controls. Haptoglobin was unde- 
tectable in two patients (2%). The distributions of hapto- 
globin types were in Hardy-Weinberg equilibrium. The 
association of Hp 2-2 with seizure attacks persisted when 
patients were compared with ethnically matched controls 
(Tables 1 and 2 in the Data Supplement that accompanies 
the online version of this Technical Brief at http:// 
www.clinchem.org/content/vol50/issue6/; P <0.05). 

Haptoglobin concentrations were significantly higher 
(P <0.0001) in patients [1.41 (0.08) g/L] than in controls 
[1.04 (0.04) g/L]. 

Serum haptoglobin concentrations in patients differed 
significantly from concentrations in controls when ana- 
lyzed in relation to their phenotypes (Table 1). 

Because haptoglobin is an acute-phase protein, we 
measured serum CRP in all participants. CRP was signif- 
icantly higher in patients than in controls [10.1 (1.5) and 
1.4 (0.3) mg/L, respectively; P <0.0001]. Not only was 
pooled serum CRP significantly different in patients vs 
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Table 1. Serum haptoglobin and CRP concentrations 
according to haptoglobin phenotype in patients 
and controls. 


Mean (SE) haptoglobin, g/L Mean (SE) CRP, mg/L 


Haptoglobin 
phenotype Patients Controls Patients Controls 
Hp 2-2 1.31 (0.08)* 1.01(0.09) 11.4 (2.1)? 2.38 (0.7) 
(n = 62) (n = 35) (n = 58) (n = 33) 
Hp 2-1 1.62 (0.27)° 1.03 (0.05) 7.6 (1.9)7 0.93 (0.2) 
(n = 11) (n = 50) (n = 16) (n = 51) 
Hp 1-1 1.71 (0.24)° 1.16 (0.1) 5.8 (2.1)* 0.6 (0.1) 
(n = 12) (n = 15) (n = 9) (n = 15) 


2 Compared with controls: 7P = 0.01; ° P = 0.0001, ° P = 0.02; 7P = 
0.0018; ° P = 0.03; *P = 0.022. 


controls, but also in individual phenotypes (Table 1). In 
addition, we found statistically significant correlations 
between serum CRP and haptoglobin concentrations 
within each individual phenotype, that is, in the Hp 2-2, 
Hp 2-1, and Hp 1-1 groups individually (r = 0.99). 

The role of iron and its oxidative capabilities in tissue 
damage is well documented (18), and iron-containing 
proteins such as hemoglobin can initiate or enhance 
oxidative processes (19). Increased accumulation of iron 
in the brain and defective antioxidant defenses have been 
linked to both Parkinson and Alzheimer diseases (19). We 
previously showed that hypohaptoglobinemia was asso- 
ciated with high incidence and frequency of seizures in 
patients with idiopathic familial epilepsy (20). Defective 
haptoglobin-mediated clearance of free hemoglobin from 
the central nervous system could lead to hemoglobin- 
dependent central nervous system damage. 

The major hazard posed by iron-containing compounds 
is in facilitating the formation of reactive oxygen species 
(21,22). Hemoglobin, in the presence of a source of 
superoxide anions and hydrogen peroxide, can catalyze 
the formation of one or more reactive species resembling 
hydroxyl radicals (22 ). Free hemoglobin also enhances the 
peroxidation of purified arachidonic acid and other poly- 
unsaturated fatty acids within normal cell membranes 
(23). Furthermore, purified hemoglobin or crude erythro- 
cyte lysates, in the absence of superoxide anions or 
hydrogen peroxide, cause rapid peroxidation of crude 
murine brain homogenate (24). 

CRP is a marker for inflammatory processes, tissue 
damage, and infection (25). The increase in CRP in our 
patients suggests that they suffered from inflammation in 
addition to their seizure disorders. Although we found a 
correlation between different haptoglobin phenotypes 
and serum CRP, we do not know whether there is a direct 
association between inflammation and the pathogenesis 
of seizure disorders. Haptoglobin is a marker for inflam- 
mation (9), and it also was increased. We believe that 
identification of haptoglobin phenotypes in addition to 
analysis of serum haptoglobin concentrations may better 
identify the presence of inflammation: a Hp 2-2 pheno- 
type may indicate the presence of an inflammatory pro- 
cess because Hp 2-2 is more associated with inflammation 
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than Hp 2-1 or Hp 1-1. Indeed, Hp 2-2 type has been 
associated with several clinical conditions, such as athero- 
sclerosis, cancer, infection, and neurologic disorders 
(11, 26). In addition, Hp 2-2 complexed with free hemo- 
globin has a high affinity for CD 163 receptors on macro- 
phages (27). Furthermore, it has been suggested that the 
uptake and internalization of haptoglobin—hemoglobin 
complex by macrophages leads to increased oxidative 
stress in macrophages and, more importantly, delocaliza- 
tion of iron (28), which can further enhance oxidative 
stress via generation of reactive oxygen species. Although 
one report denies the enhanced oxidative stress in mac- 
rophages after internalization of haptoglobin—hemoglo- 
bin complex (29), most of the data in this field support the 
association of Hp 2-2 and inflammatory processes, and 
most pathologic conditions (cancer, atherosclerosis, and 
neurologic disorders) associated with Hp 2-2 are associ- 
ated with inflammation. 

In aggregate, our data clearly show an association of Hp 
2-2 with the presence of seizures in patients with epilepsy. 
At present we do not know the mechanism for this 
phenomenon. We hypothesize that a defective clearing 
system (such as Hp 2-2), which cannot effectively remove 
free hemoglobin after microhemorrhagic events in the 
central nervous system, leads to iron accumulation and 
increased oxidative stress in tissue. Therefore, enhanced 
oxidative stress with minimum antioxidant defense can 
lead to tissue injury and inflammation, which may have a 
role in the etiology of seizure attacks in this patient 
population. More work is needed for better understand- 
ing of the role of haptoglobin in the pathophysiology of 


epilepsy. 
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Pitfall in HPLC Assay for Urinary Metanephrines: An 
Unusual Type of Interference Caused by Methenamine 
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Evaluation of a clinically inapparent adrenal mass led to 
tests for pheochromocytoma (1) with findings of in- 
creased urinary metanephrine and normetanephrine but 
normal plasma metanephrines and catecholamines. 

A 45-year-old woman presented with pulmonary em- 
bolism and thrombosis of the left arm. Her recent medical 
history included removal of the right breast because of 
cancer with postoperative locoregional radiotherapy and 
chemotherapy. She had a known spina bifida and an 
urostoma. She took pyridoxine, oxazepam, methenamine, 
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paracetamol, furosemide, and tamoxifen on a regular 
basis. On physical examination she had a normal blood 
pressure, no Cushing signs, and no evidence of tumor 
recurrence. 

After treatment with fractionated heparin and aceno- 
coumarol the patient was further evaluated for the pres- 
ence of tumor recurrence or distant metastases as an 
explanation for her thromboembolism. Mammography 
showed no signs of malignancy. The computed tomogra- 
phy (CT) scan of the thorax showed a pulmonary embo- 
lism but no evidence of metastases. The abdominal CT 
scan revealed a 2.5-cm hypodense mass in the right 
adrenal gland, most likely an adenoma. Because the 
differential diagnosis of adrenal masses with low attenu- 
ation on CT includes functional tumors, especially pheo- 
chromocytoma (2), the functionality of the adrenal mass 
was determined. 

Cortisol was 0.09 and 0.07 wmol/L after a repeated 
1-mg dexamethasone suppression test. The 24-h urinary 
excretion of cortisol was 37.9 nmol, which made the 
presence of glucocorticoid excess unlikely. Serum potas- 
sium was within reference values, and renin and aldoste- 
rone were not increased, which together with the normal 
blood pressure excluded primary aldosteronism. Urinary 
excretion of metanephrines, measured as described pre- 
viously (3), was increased on repeated occasions 
[normetanephrine (NMN), 36 450 nmol/24 h (reference 
values <2900 nmol/24 h); metanephrine (MN), 10 256 
nmol/24 h (reference values <1000 nmol/24 h)], suggest- 
ing the presence of a pheochromocytoma. However, both 
fractionated plasma-free metanephrines, which may be 
preferred for the diagnosis of pheochromocytoma in 
high-risk patients (4), and plasma catecholamines were 
not clearly increased [NMN, 312 pmol/L (reference val- 
ues <600 pmol/L); MN, 264 pmol/L (reference values 
<300 pmol/L); adrenaline, 0.04 nmol/L (reference values 
<0.3 nmol/L); noradrenaline, 2.84 nmol/L (reference 
values <3.0 nmol/L)]. Because of the patient’s impaired 
mobility and anxiety, no metaiodobenzylguanidine scan 
was performed. 

Close inspection of the urinary chromatograms of this 
patient revealed, in addition to an extra peak at an 
unusual location, a striking decrease (10- to 15-fold) in the 
internal standard (4-O-methyltyramine) peak compared 
with urinary chromatograms of other patients. In contrast, 
the heights of the MN and NMN peaks were in the usual 
range. Because calculation of the concentrations of MN 
and NMN was based on the internal standard principle, 
in which a constant ratio between recoveries of the 
analytes to be measured and the internal standard is 
assumed for processed samples and calibrators (3), very 
high estimates of MN and NMN resulted. Thus, either the 
recovery of MN and NMN followed that of the internal 
standard, meaning that the high result was correct, or the 
internal standard principle did not hold in this urine 
sample and underestimation of the procedural recovery, 
rather than increased MN and NMN concentrations, was 
responsible for the strongly increased MN and NMN 
values calculated from the chromatography data. 
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We hypothesized that interaction of a substance with 
the internal standard decreased the signal for the internal 
standard and that this substance might originate from the 
patient’s medications. To test this hypothesis the drugs 
used by the patient were dissolved in the same medium 
that was used for addition of the internal standard (0.1 
mol/L HCl) and added to the urine of a healthy person. 
The quantities added to the urine sample corresponded to 
200%, except for methenamine (100%), of the patient’s 
daily intake of furosemide (40 mg/day), acenocoumarol 
(2-3 mg/day), pyridoxine (20 mg/day), tamoxifen (20 
mg/day), oxazepam (10 mg/day), and methenamine (3 
g/day), distributed in a 24-h portion of urine, assuming 
complete clearance by the urine. 

The resulting chromatograms are shown in Fig. 1A. We 
observed a decrease in the peak for the internal standard 
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Fig. 1. Chromatograms of urine from a_ healthy 
person to which the patient’s medications had been 
added (A) and the patient’s urine before and after 
stopping methenamine (B). 

(A), pyridoxine, oxazepam, methenamine, furosemide, ta- 
moxifen, and acenocoumarol dissolved in HCI (0.1 mol/L) 
were added separately to the urine. The decrease in the 
signal for the internal standard (/S) after addition of methe- 
namine is indicated by the arrow. The extra peak is indi- 40000} 8B 
cated with an X. 3-MT, 3-methoxytyramine. (B) the chromato- | 
grams are for samples taken before and 2 weeks after | 


| 
360.00. 
stopping methenamine. Two weeks after stopping methen- 1 
amine, the patient’s urine had no evidence of an extra peak 
X, and the internal standard was increased to expected Loa | 
values. | 
280.004 
{ 
{ 
240.00 | 
200.00- 
rd 

160,00 
doa 
80.00. 
40.00- 

| aif 

}— 


Technical Briefs 


(Fig. 1A, peak IS) and the concomitant appearance of an 
extra, large peak (Fig. 1A, peak X) only in the portion of 
urine to which methenamine had been added. The other 
chromatograms were identical in all respects. The patient 
was asked to stop taking methenamine for a 2-week 
period. As shown in Fig. 1B, 2 weeks after she stopped 
methenamine intake, there was no evidence of an extra 
peak X, and the internal standard peak had resumed its 
expected height. Moreover, the MN and NMN peaks 
retained their previous heights. This virtually rules out 
high procedural losses of MN, NMN, and the internal 
standard as underlying these results, although the urine 
samples necessarily were obtained on different occasions. 

These findings indicate that methenamine is responsi- 
ble for the lowered signal for the internal standard, 
leading to false-positive values for urinary fractionated 
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metanephrines. Methenamine interferes with the determi- 
nation of estriol in urine when an acid hydrolysis tech- 
nique is used (5). However, to our knowledge, interaction 
with 4-O-methyltyramine has not been reported previ- 
ously. Apart from withdrawal of methenamine medica- 
tion, the use of an alternative internal standard to reliably 
assess urinary metanephrines in the presence of methena- 
mine could be considered. Hydroxymethoxybenzylamine 
(HMBA) could be used in patients on methenamine, 
although methenamine affects the HMBA peak as well, 
but to a much lesser extent (Fig. 1B). Because small peaks 
are observed occasionally coeluting with HMBA (Fig. 1A), 
we do not recommend the use of HMBA as an internal 
standard. 

The frequency of misleading results for urinary meta- 
nephrines may be appreciable because methenamine (Uri- 
max, Urised, Hiprex, Uroquid-acid) is commonly used in 
the prevention and treatment of urinary tract infections 
(especially in patients with a urinary catheter or neuro- 
genic bladder) and 4-O-methyltyramine is one of the 
reagents supplied by Bio-Rad for the assay of urinary 
metanephrines (UMET by HPLC). This problem is inde- 
pendent of whether the calibrators from this assay are 
used. Especially in patients who are on methenamine 
treatment, the diagnosis of pheochromocytoma should be 
considered only after repeated increased urinary fraction- 
ated metanephrines on measurement with different inter- 
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nal standards or after the patient has stopped taking 
methenamine. The diagnosis should be supported by 
other laboratory results (fractionated plasma free meta- 
nephrines and/or catecholamines in plasma or urine) and 
ultimately confirmed by histology. More generally, in 
cases in which lower recovery of the internal standard 
leads to increased values for urinary metanephrines, 
analysts should be aware of the possibility of unexpected 
interactions such as the one described. 


References 

1. Grumbach MM, Biller BM, Braunstein GD, Campbell KK, Carney JA, Godley PA, 
et al. Management of the clinically inapparent adrenal mass (“incidenta- 
loma”). Ann Intern Med 2003;138:424-9. 

2. Blake MA, Krishnamoorthy SK, Boland GW, Sweeney AT, Pitman MB, Haris- 
inghani M, et al. Low-density pheochromocytoma on CT: a mimicker of adrenal 
adenoma. Am J Roentgenol 2003;181:1663-8. 

3. Willemsen JJ, Ross HA, Wolthers BG, Sweep CG, Kema IP. Evaluation of 
specific high-performance liquid-chromatographic determinations of urinary 
metanephrine and normetanephrine by comparison with isotope dilution 
mass spectrometry. Ann Clin Biochem 2001;38(Pt 6):722-30. 

4. Lenders JW, Pacak K, Walther MM, Linehan WM, Mannelli M, Friberg P, et al. 
Biochemical diagnosis of pheochromocytoma: which test is best? JAMA 
2002;287:1427-34. 

5. Touchstone JC, Stojkewycz M, Smith K. The effect of methenamine mande- 
late (mandelamine) on determination of urinary estriol. Clin Chem 1965; 
11:1019-22. 


DOI: 10.1373/clinchem.2004.032912 


